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ABTTHMETIOAL   PRODIGIES. 


E.  W.  SCHiPTiTRE,  Ph.  D.  (LoIptiK). 


I. 

A  great  deal  ha«  l>een  said  and  written  abont  these  phe- 
nomenal persons  in  a  very  uncritical  manner;  on  the  one 
hand  tiiey  are  regarded  as  almost  sui>ernatural  beings,  while 
on  the  other  hand  no  notice  has  been  taken  of  them  scien- 
tifically. Nevertheless,  we  can  perhaps  gain  light  on  the 
normal  processes  of  the  human  mind  by  a  consideration  of 
such  eiceptional  cases.  The  first  object  of  the  present  article 
is  to  give  a  short  account  of  these  persons  themseives,  and  to 
furnish  for  the  first  time  an  approximately  complete  bibli- 
ography of  the  subject.  Thereupon  the  attempt  will  be  made 
to  viake  such  a  psychological  analysis  of  their  powers  as  will 
help  in  the  comprehension  of  them,  and  will  perhaps  furnish 
more  than  one  hint  to  the  practical  instructor  in  arithmetic. 

NiKOBCAGHOB. — Lncian  said  that  be  did  not  know  how 
better  to  praise  a  reckoner  than  by  saying  that  he  reckoned 
like  Nikomachos,  of  Gerasa.  ■  Whether  this  refers  to  the 
reckoning  powers  of  Nikomachos  (about  100  A.  D.)i  or  to 
the  famouH  Introduction  to  Arithmetic  written  by  him,  we 
are  left  in  doubt.  I>e  Morgan  inclines  to  the  former  opinion, ' 
Canlor  holds  the  latter. '     The  literal  translation  of  the  pas* 

*  8nlih*a  Dtcclooftry  of  Greek  and  Bomftn  Biography  t.  Xlkomachnn. 
'  Cantor,  Vorlavnffen   uber  G$»dUchU  der  Mathematik^  Leipxig,  1880, 
I,  9S3. 


BORIPTUKE: 


Bag?  plftceB  Kikomachos  nndonbtedly  among  the  aklUhil 
calculators. 

AfiuoAN  Slave  Dealebs.— Perhaps  broaght  to  the  front 
or  prodnoed  by  the  necessity  of  competing  with  English 
traders  armed  with  pencil  and  paper,  many  of  the  old-time 
Blavc-dealers  of  Africa  seemed  to  have  been  ready  reckonera, 
and  that,  too,  for  a  practical  purpose, — a  point  overlooked  by 
more  than  one  of  the  later  calculators.  '*It  is  astonishing 
with  what  facility  the  African  brokers  reckon  ap  the  exchange 
of  European  goods  for  slaves.  One  of  these  brokers  has 
perhaps  ten  slaves  to  sell,  and  for  each  of  these  he  demandn 
ten  different  articles.  He  reduces  them  immediately  by  the 
head  into  bars,  copx>crs,  onnees,  according  to  the  medium  of 
exchange  that  prevails  in  the  part  of  the  country  in  which  he 
resides,  and  immediately  strikes  the  balance."*  The  ship- 
captains  are  said  to  have  complained  that  it  became  more  and 
more  difficult  to  make  good  bargains  with  such  sharp  arith- 
meticians. It  was  also  an  African  who  was  the  first  to 
appear  in  this  r61e  in  America. 

Tom  Fuller. — The  first  hand  evidence  in  regard  to  Fuller 
consists  of  the  following :  A  letter  read  before  the  Pennsyl- 
vania Society  for  the  Abolition  of  Slavery  by  Dr.  Bush  ol 
Philadelphia^  which  is  published,  more  or  less  completely, 
in  three  places;'  and  the  obituary  which  appeared  In  the 
Columbian  Gentinel. '  On  the  foundation  of  these  documents 
several  later  accounts  have  been  given.* 

'  [T.  ClarksoD.J  An  Esaay  on  the  Slavery  and  Commerce  of  the 
Batnan  Speolefi,  parllculaj-ly  ^^^^  African.  2d  Ed.,  Ijondon,  17S8.  (The 
paasage  quoted  does  not  appear  in  the  American  editions,  Pblla..  1786| 
1787,1804). 

"  American  Museum.  Vol.  V,  62.  Phlla.,  17£>9. 

Steadman.  Narrative  of  a  five  years  expedition  against  the  ReTOlted 
Ncfiroe&  of  Surinam,  South  America,  2v.  4',  I^ndoo,  17U6,  Vol.  U,  260. 
In  the  Krf»neh  translation^  Vol.  Ill,  61. 

Needles,  Historical  Memoir  of  the  Peon.  Society  for  the  Abolition 
of  Slavery;  Phlla.,  1848,  n.  32. 

*  Columbian  C«ntinel  of  Boston,  Dec.  29, 1790,  Xo-  81  of  Vol.  XIV. 

*  For  example,  Gregolre ;  Ad  Knimlry  ooDceming  the  Intellectual  and 
Moral  Fttcultlee,  and  Literature  of  Nep-ocs.  followed  with  au  Account 
of  the  Life  and  Works  of  Fifteen  Neproca  and  Mulattoe;;  Translated 
by  D.  B.  Warden;  Brooklyn,  ISIO.  {'ilie  traniiUtlon  U  from  (iryjfoiro'a 
original  luanuecript.)  Brifsot  do  Warville;  New  TniveU  In  the  United 
States  of  America,  performed  in  1788;  Ix)udon,  1792,  p.  287;  2d  Kd., 
Ix>ndon,  1794,  vol.  I.  213;  Boston,  1797  (reprint  of  1st  cd.),  p.  158;  in 
the  original  French  edition,  vol.  11,  p.  2.  Williams;  History  of  the 
N<-gro  Race  In  America ;  New  York,  1883,  vol.  I,  399.  Dldot'a  Nouvelie 
biographic  g^n6rale  v.  Fuller. 


Tbomas  Fuller,  known  as  the  Virginia  Calculator^  was 
stolen  fi-om  hia  native  Airica  at  the  age  of  fourteen  and  sold 
to  a  planter.  When  he  was  about  seventy  years  old,  *^  two 
gentlemen^  natives  of  Pennsylvania,  viz.,  William  Harts- 
home  and  Samuel  Coates,  men  of  probity  and  respectable 
characters,  having  heard,  in  travelling  through  the  neighbor- 
hood in  which  the  slave  lived,  of  his  extraordinary  powers  in 
arithmetic,  sent  for  him  and  had  their  curiosity  sufficiently 
gratified  by  the  answers  which  he  gave  to  the  following  ques- 
tions :  First,  Upon  being  asked  how  many  seconds  there  were 
in  a  year  and  a  half,  he  answered  in  about  two  minutes,  47,- 
304,000.  Second :  On  being  asked  how  many  seconds  a  man 
has  lived  who  is  70  years,  17  days  and  12  hours  old,  he 
answered  in  a  minute  and  a  half  2,210,500,800.  One  of  the 
gentlemen  who  employed  himself  with  his  pen  in  making 
these  calculations  told  him  he  was  wrong,  and  that  the  sum 
was  not  HO  great  as  he  had  said — upon  which  the  old  man 
hastily  replied  :  'top,  massa,  you  forget  de  leap  year.  On 
adding  the  amount  of  the  seconds  of  the  leap  year  the  amount 
of  the  whole  in  both  their  sums  agreed  exactly."*  Another 
question  was  asked  and  satisfactorily  answered.  Before  two 
other  gentlemen  he  gave  the  amount  of  nine  figures  multiplied 
by  nine.  He  began  his  application  to  figures  by  counting  ten 
and  proceeded  up  to  one  hundred.  He  then  proceeded  to 
count  the  numl>er  of  hairs  in  a  cow's  tail  and  the  number  of 
^ains  in  a  bushel  of  wheat.  Warville  says  in  1788,  *'he 
has  had  no  instruction  of  any  kind,  but  he  calculates  with 
surprising  facility."*  In  1790  he  died  at  the  age  of  80  years, 
having  never  learned  to  read  or  write,  in  spite  of  his  extra- 
ordinary power  of  calculation.  * 

jEDEniAH  Buxton,— Jedediah  Buxton*  was  born  in  1702, 
aC  Klmton,  in  EK^rbyshire,  Kugland,  where  he  died  in  1772.^ 

*  AjnericaD  MuMum,  Y,  62. 

*  Wanille,  New  Travels,  p.  158. 
'  ColambiHa  Centinel,  loc.  uH. 

«  Genlleman'B  Magazine,  17M,  Vol.  XXI,  p.  61,  347;  1753.  vol.  XXIII, 
p.  557;  1754,  vul.  XXIV.  p.  251,  which  art-  tlie  original  autliortUes. 
Cbatin«>r'»  Ctfocral  Hiugr  OlctloimrTt  T^uduo,  1812,  v.  niixton;  Unae, 
New  General  Ulotcr.  Dlctlouary,  Londoa,  1848,  v.  Buxton;  Dldot's 
Nc'uvelle  bloftraphie  j^eufrate,  v.  Huxton;  Michaud's  Blographle  unl- 
Tervelle  v.  Boxton. 

*  The  dat(>«  ure  i^lven  on  the  authority  of  Lyson^s  Magna  Hrltannla, 
Louduu,  l$17f  vol.  V,  Derhyahlre,  p.  157. 


Although  his  father  was  schoolmaster  of  the  parish  and  hla 
grandfather  had  been  the  vicar^  his  education  was  by  some 
chance  bo  neglected  that  he  was  not  able  to  scrawl  his  own 
name.  >  All  his  attAinmente  were  the  result  of  his  own  pure 
indnstry ;  the  only  help  he  had  was  the  learning  of  the  mul- 
tiplication table  in  his  yoDth ;  *'his  mind  was  only  stored 
with  a  few  constants  which  facilitated  his  calculations; 
such  as  the  number  of  minutes  in  a  year,  and  of  halr's- 
breadths  in  a  mile.'^'  He  labored  hard  with  his  spade  to 
support  a  family,  •  but  seems  to  have  shown  not  even  usual 
intelligence  in  regard  to  ordinary  matters  of  life.  The  testi- 
mony as  to  his  arithmetical  powers  is  given  by  two  witnesses. 
George  Saxe  says  :  '*I  proposed  to  him  the  following  random 
question  :  In  a  body  whose  three  sides  are  23,146^789  yards,  m 
5,642,732  yards,  and  54,965  yards,  how  many  cubical  Jths  of  f 
an  inchT  After  once  naming  the  several  figures  distinctly, 
one  after  another,  in  order  to  assure  himself  of  the  several  . 
dimensions  and  fix  them  in  his  mind,  without  more  ado  he  I 
fell  to  work  amidst  more  than  100  of  his  fellow-laborers, 
and  after  leaving  him  about  five  hours,  on  some  necessary 
oonoems  (in  which  time  I  calculated  it  with  my  pen)  at  my 
return,  he  told  me  he  was  ready  :  Upon  which,  taking  out  my 
pocket'lxtok  and  pencil,  to  note  down  his  answer,  he  asked 
which  end  I  would  begin  at,  for  he  would  direct  me  either 
way.  ...  I  chose  the  regular  method,  ,  .  .  and  in 
a  line  of  twenty-eight  figures,  he  made  no  hesitation  nor  the 
least  mistake.''^  ** He  will  stride  over  a  piece  of  land  or  a 
field,  and  tell  you  the  contents  of  it,  almost  as  exact  as  if  yon 
measured  it  by  the  chain.  .  .  .  He  measured  in  this 
manner  the  whole  lordship  of  Elmton,  of  some  thousand 
acres,  .  .  -  and  brought  tlie  contents,  not  only  in  acres, 
roods  and  perches,  bat  even  in  square  inches ;  ...  for 
his  own  amusement  he  reduced  them  to  square  hairs-breadths, 

*  "  His  total  want  of  education  has  been  aCtrtbiited  to  his  exceaitlve 
stnpidity  when  a  child,  and  ao  invlDcible  uQwUliogness  to  leara  auy- 
thlng."    Lyeon'B  Magpa  Britannia,  V,  1Q7,  note. 

'Journey  Book  of  Enttl.,  Derbvshlre,  p.  79. 

■  **A  day-labourer/*  Lyson's  Magna  Britannia,  loc.  dt.  "Either  a 
small  land-owner  or  a  day-labourer;  but  probably  the  former,"  The 
Jouroev-Book  ot  England,  I>erby8hlre;  I^odon,  1841,  p.  79. 

*  Geotlemao's  Magazine,  XXI,  61. 
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ftre  contained  In  one 
solid  Inch.' 


compnting  (I  think)  48  to  each  side  of  the  inch/'*  Various 
other  problems  were  solved  by  him  with  like  facility  on  later 
occasions,  before  a  difierent  witness.^ 

From  May  17  to  June  16,  1726,  he  was  (to  use  his  own  ex- 
pression) drunk  with  reckoning,  by  which  a  kind  of  stujw- 
faction  was  probably  meant.  The  cause  was  the  effort  to 
answer  the  following  question :  In  202,680,000,360  cubic 
miles  how  many  barley-coma,  vetches,  peas,  wheat,  oats,  rye. 
beans,  lintels,  and  how  many  hairs,  each  an  inch  long,  would 
fill  that  space,  reckoning  48  hairs  In  breadth  to  an  inch  on 
the  flatt  Ilis  table  of  measures,  which  he  founded  on  experi- 
ment, used  in  answering  this  was: 

200  ftarloj  rorns,        1 
300  Wlieat  Corns, 
512  kye  ComB, 
ISO  OatB, 

40  Peaa, 

25  Beans, 

80  VPUmCR, 

100  Uuu?l9, 
3304  Haln  1  loch  long,  j 

Qaite  curious  is  Buxton's  notation  for  higher  numbers. 
Hifi  system  is :  Units,  thousands,  millions,  thousands  of 
millions,  millions  of  millions,  thousand  millions  of  millions, 
tribes,  thousands  of  tribes,  etc.,  to  thousand  millions  of 
millions  of  tribes;  cramps,  thousands  of  cramps,  etc.,  to 
thousand  million  of  million  of  ci*amps  ;  tribes  of  cramps,  etc. 
to  tribes  of  tribes  of  cramps. 

Id  regard  to  subjects  outside  of  arithmetic,  his  mind  seemed 
to  have  retjiined  fewer  ideas  than  that  of  a  boy  ten  years  old. 
On  his  return  from  a  sermon  he  never  brought  away  one 
sentence,  having  been  busied  in  dividing  some  time  or  some 
space  into  the  smallest  known  parts.  He  visited  Liondon  in 
1754,  and  wa8  testwl  by  the  Koyal  Society.  On  this  visit  he 
was  taken  to  see  King  Richard  III  performed  at  Drury  Lane 
playhouse,  but  his  mind  was  employed  as  at  church.  During 
the  dance  he  fixed  his  attention  upon  the  number  of  steps ; 
he  attended  to  Hr.  Oarrick  only  to  ooant  the  words  that  he 


■  GeatletiMo'0  UagHzlDC,  XXI,  61. 

*  Gentlenun**  Magazine,  XXIH,  667,  XXIV,  S5l. 
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Qttered.  *     At  the  conclaBion  of  the  play  they  asked  him  hov « 
he  liked  it.    He  replied  ''such  an  actor  vent  in  and  out  so 
many  times  and  spoke  ho  many  words ;  another  bo  many, 
etc."*    He  returned  to  his  village  and  died  poor  and  ignored. 

Ampkre. — The  first  talent  shown  by  Andr^  Marie  Ampfcre,* 
*1776,  at  Lyon,  11336,  at  Marseilles,  was  tor  arithmetic.  While 
still  a  child,  knowing  nothing  of  figures,  he  was  seen  to  carry 
on  long  calculations  by  means  of  pebbles.  To  Illustrate  to 
what  an  extraordinary  degree  the  love  of  calculation  had 
seized  upon  the  child,  it  is  related  that  being  deprived  of  his 
pebbles  during  a  serious  illness,  he  supplied  their  places 
with  pieces  of  a  biscuit  which  had  been  allowed  him  after 
three  days  strict  diet. 

As  soon  as  he  could  read  he  devoured  every  book  that  fell 
into  his  hands.  His  father  allowed  him  to  follow  his  own 
inclination  and  contented  himself  with  furnishing  him  the 
neoessary  books.  History,  travels,  poetry,  romances  and 
philosophy  interested  him  almost  equally.  His  principal 
study  waa  the  encyclopedia  in  alphabetical  order,  in  twenty 
volames  folio,  each  volume  separately  in  its  proper  order. 
This  colossal  work  was  completely  aud  deeply  engraved  on 
his  mind.  "  His  mysterious  and  wonderful  memory,  how- 
ever, astonishes  me  a  thousand  times  less  than  that  force 
nnited  to  fiexibilit>'  which  enable-s  the  mind  to  assimilate 
without  confusion,  after  reading  in  alphabetical  order  matter 
so  astonishingly  varied."*  Half  a  century  afterwards  he 
would  repeat  with  pprfocfc  accuracy  long  passages  from  the 
encyclopedia  relating  to  blazonry,  falconry,  etc. 

At  the  age  of  eleven  years  the  child  had  conquered  elemen- 
tary' mathematics  and  had  stndied  the  application  of  algebra 
to  geometry.     The   parental   library  was  not    sufiicieut   to 


'  GeDtleman'ft  Magazloe,  XXIV,  251. 
■  Memoir  of  Zerah  Colburn.  p.  174. 

*  Bibliography  (f(tr  his  life),  Salut-Beuvp,  M.  Amppre,  sa  J«une»84>, 
ees  etudppdIverFcs.  etc.,  In  the  llevuedesileux  Moncles,18;J7.  4  ieme^erle, 
t.  IX,  p.  380.  M.  F.  Anigo,  Klogo  d'  Ampere  t,glvt'ii  In  ii  eomewhnt  con- 
densed form  by  E.  Arsgo,  iti  Mi«.haud's  BiuRrKruphit'  uiiivprdielle,  uouv. 
^d.j  V.  Ampere),  tmnnlHtlon  In  Smithsonian  fteporto,  1872.  p.  111. 
Diaot'H  Noiivelle  blograpbie  gt-uerale,  t.  Ampl^re.  VaUoUt  Vie  d'  Am- 
pere, Lvou»  1886. 

*  Arago,  Eulogy  on  Arapcre,  SmUhaonlau  Reports,  1873,  p.  llS; 
Ulcbaud's  Biogr.  unlverselle,  I.  p.  597. 
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supply  him  with  further  books,  so  his  father  took  him  to 
Lyon,  where  he  was  introdaoed  to  higher  analysis.  He 
learned  of  himself  a<7oording  to  his  fancy,  and  his  thought 
gained  in  vigor  and  originality.  Mathematics  interested  him 
above  everything.  At  eighteen  he  Htudied  the  Mt^CAnique 
analytique  of  Lagrange,  nearly  all  of  whose  calculations  be 
zepeatod ;  he  said  often  that  he  knew  at  that  time  as  mnch 
maUiematdcfl  ae  he  ever  did. 

In  1793  his  father  was  butchered  by  the  revolutionaries, 
and  young  Ampere  was  completely  paralyzed  by  the  blow. 
Rousseau^s  botanical  lettera  and  a  chance  glance  at  Uoi-ace 
ronsed  him  after  more  than  a  year  from  an  almost  complete 
idiocy ;  and  he  gave  himself  up  with  unrestrained  zeal  to  the 
study  of  plants  and  the  Angastan  poets.  At  the  age  of 
twenty-one  his  heart  suddenly  opened  to  a  new  passion  and 
then  began  the  romantic  story  of  his  love,  which  is  preserved 
in  his  Amoruf/i  and  his  letters. '  Ampere  became  professor 
ol  mathematics,  chemistry,  writer  on  probabilities,  poet, 
psychologist,  metaphysician,  member  of  the  Academy  of 
Sciences  of  Paris,  discoverer  of  fundamental  truths  of  electro- 
dynamics, and  a  defender  of  the  unity  of  structure  in  orju'an- 
ized  beings.' 

Just  as  he  began  by  learning  completely  the  encyclopedia 
of  the  18th  wntury,  he  remained  encyclope<lic  all  his  life,  and 
bis  last  labors  were  on  a  plan  for  a  new  encyclopedia. 

Gauss. — The  arithmetical  prodigies  might  be  divided  into 
two  classes,  the  one-sided  and  the  many-sided.  The  former 
would  include  those  who  like  Buxton,  Colburn  and  Dase  were 
mere  **reckoning-ma<'hiQes,"  the  other  would  consist  of  men 
in  whom  the  calculating  power  was  only  a  part  of  gift*  ol 
mathematical  talent  like  Safford,  or  even  of  the  highest  math- 
ematical genius  like  Gauss. 

Carl  Friwlrich  Gauss  was  bora  in  1777,  in  Braunschweig. 
He  was  the  offspnng  of  a  jwor  family  that  had  in  nowise  dis- 
tinguished themselves,  although  his  mother  seemed  to  have 
been  of  finer  mental  build  than  the  paternal  stock.  More- 
over his  maternal  uncle  was  a  man  of  unusual  talent :  com- 


'  Aodi^  Ampere.  Corre»pODdeDc«  et  touveolrs,  Parii,  1873. 

'  Lilt  of  Works  In  MlehAod's  Blogr.  unlvertelle,  dout.  M.,  [,  p.  611. 
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pletely  uninstriicted  hfi  learned  to  produce  the  finest  damaal 
in  Gauss's  opinion  "  a  natural  genius  had  been  lost  in  bim.'^^ ' 
At  an  early  age  the  genius  of  Gauss  b^an  to  show  itself. 
With  the  assistance  of  friends  and  of  persons  of  the  nobility 
he  was  enabled  to  get  a  school -education.  At  the  age  of 
eleven  he  entered  the  gymnasium  where  he  ma8t«red  thoH 
classical  lauguat^cs  with  incredible  rapidity.  Tn  mathematics 
also  he  diBtingnisbed  himself.  It  is  said  thnt  a  new  professor 
of  mathematics  handed  back  thirteen -year-old  Gausses  first 
mathematical  exercise  with  the  remark  that  it  was  unneces- 
sary for  such  a  mathematician  to  attend  his  lessons  in  the 
future.'  The  Grand  Duke,  hearing  of  his  talent,  sent  for 
him.  The  court  was  entertained  by  tlie  calculations  of  the 
fourteen-yearold  boy,  but  the  duke  recognized  the  genius  and 
gave  him  his  support.  It  is  to  be  regretted  that  we  have  not 
fuller  accounts  of  his  early  calnlations,  but  his  later  achieve- 
ments have  so  completely  occupied  the  world  of  science  that 
less  attention  has  been  paid  to  his  calculating  powers.  It  is 
curious  to  think  that  if  he  had  had  the  misfortune  to  have 
been  gifted  with  nothing  else,  he  would  probably  have  distin- 
guished himself  as  Dase  or  Mondeux  did ;  he  might  even 
have  proclaimed  himself  in  the  Colbum  fashion,  as  a  mlracn- 
lous  exception  from  the  rest  of  mankind  ;  as  it  is,  he  was  only 
the  greatest  mathematlciau  of  the  century. 

After  leaving  the  gymnasium  in  1795,  he  ent«red  the 
University  of  Gottingen.  As  early  as  1795,  he  discovered 
the  method  of  the  least  squares,  and  in  1796  he  invented  the 
theory  of  the  division  of  the  circle. 

In  1798  he  promoted  tn  abaentia  as  Dr.  phil.  at  the  univer* 
sity  of  Helmstedt.  * 

In  1801,  at  the  age  of  twenty-four,  bis  DutqmMtioiies  arith- 
vteticce  were  published  ;  the  work  was  quickly  recognized  as 
one  of  tlie  milestones  in  the  history  of  the  theory  of  numbers. 
From  this  point  on  his  life  was  a  series  of  most  brilliant  dis- 
coveries till  his  death  at  Gottingen,  1855. 


'  HftoBelfu&nn,  K.  F.  Gauss.  Leipzig,  1878,  p.  Ifi. 

*  HfiDitehn&nn,  K.  F.  OausR,  p.  25. 

'  Ills  (lii^sertutloD  was  entitled  :  D^monatralio  nova  theorematis^  omnem 
fun^ion^m  alrjebraicum  ratlonabUem  inteffram  unius  vartabdt*  in/aetort* 
fwileaprimi  vet  fecund^  ffradus  re»olvi  potter  HelmtUdt^  2798. 
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It  is  TOuch  to  be  regretted  that  no  adequate  life  of  Gauss 
has  yet  been  written ;  nevertheless,  the  story  of  his  discov- 
eries is  too  well  known'  to  need  mention.  We  are  here 
interested  in  his  talent  for  calculation,  for  Gauss  was  not  only 
a  mathematical  genius, — he  was  also  an  arithmetical  prodigy, 
and  that,  too,  at  an  age  mncfa  earlier  than  any  of  the  others. 

An  anecdote  of  his  early  life,  told  by  himself,  18  as  follows : 
His  father  was  accustomed  to  pay  his  workmen  at  the  end  of 
Uie  week,  and  to  add  on  the  pay  for  overtime,  which  was 
reckoned  by  the  hour  at  a  price  in  proportion  to  the  daily 
wages.  After  the  master  had  finished  his  calculations  and 
was  about  to  pay  out  the  money,  the  boy,  scarce  three  years 
old,  who  had  followed  unnoticed  the  acts  of  his  father,  raised 
himself  and  called  out  in  his  childish  voice:  **  Father,  the 
reckoning  is  wrong,  it  makes  so  much,"  naming  a  certain 
number.  The  calculation  was  repeated  with  great  attention, 
and  to  the  astonishment  of  all  it  was  found  to  be  exactly  as 
the  little  fellow  had  said.* 

At  the  age  of  nine  Gauss  entered  the  reckoning  class  of  the 
town  school.  The  teacher  gave  out  an  arithmetical  series  to 
be  added.  The  words  were  scarcely  Bi}oken  when  Gauss 
threw  his  slate  on  the  table,  as  was  the  custom,  exclaiming, 
*'  There  it  lies  !*'  The  other  scholars  continue  their  figuring 
while  the  master  throws  a  pitying  look  on  the  youngest  of 
the  scholars.  At  the  end  of  Uie  hour  the  slates  were  exam- 
ined ;  Gausses  had  only  one  number  on  it,  the  correct  result 
alone.  =*  At  the  age  of  ten  he  was  ready  to  enter  upon  higher 
analysis.  At  fourteen  he  had  become  acquainted  with  the 
works  of  Euler  and  Lagrange,  and  had  grasped  the  spirit  and 
methods  of  Newton's  Principia. 

He  was  always  distinguished  for  his  j^^wer  of  reckoning, 
and  was  able  to  carry  on  difficult  investigations  and  extensive 
numerical  calculations  with  incredible  case.  His  unsurpassed 
memory  for  figures  set  those  who  met  him  in  astonishment; 
If  be  could  not  answer  a  problem  at  once,  he  stored  it  up  for 

■  Except  to  Kr.  Sully,  who  Id  tn  article  **  Ocnlas  and  Precoetty,**  in 
the  yi*et4€n^  Century,  never  even  meotlons  Pn90sl,  Ampere  and  Oausn. 
'  Walt«rsh«uen ;  Gauu  zum  OedachtnUst,  Leipzig,  1856,  p.  II. 
'  IMoKlmaan;  Karl  FriedrlchQauta.Zwulf  Kapliel  aua  aeuiein  Leben, 

Leipzig,  lars. 
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fBtore  solution.  At  once,  or  aSter  a  rery  short  pwue,  he  wsb- 
afale  to  gire  the  properties  of  each  of  the  first  eoople  thoa- 
wad  immberB.  In  znental  calculation  he  wwt  onaorpaased. 
He  had  ahniTa  ia  hia  ated  the  first  decunte  of  aU  the 
loevithna,  aad  oaed  them  for  approximate  ealimates  while 
<ai<»wi«Hwg  meDtally.  He  Toold  often  pursne  a  calcaladon 
lor  diqrs  and  weeks,  and — what  distin^ishes  him  from  all 
flflMff  calcalatora, — dnhng  snch  a  calculation  he  continoally 
ISTCnted  new  methods  and  new  artifices. 

Pcrtiapa  the  beat  picture  of  his  genios  is  given  by  Walters- 
bsQSen:  "Oaosa  showed  a  remarkahlej  periiaps  onprece- 
dwited,  combination  of  peculiar  talents.  To  his  eminent 
aliQit7  to  work  ont  in  himself  abstract  investif^adons  on  oU 
■Ides  and  from  all  standpoints,  there  were  joined  a  marvellous 
power  of  numerical  calculation,  a  peculiar  sense  for  the  quick 
apprefaaiaion  of  the  most  oomplicuted  relations  of  numbers, 
aad  ao  eapecial  love  for  all  exact  observation  of  nature."  ^ 

From  Gauss's  opinion  of  Pfaff  we  get  a  hint  of  what  he 
reipuded  as  the  essential  of  genius,  **  never  to  leave  a  matter 
till  he  bad  investigated  wherever  possible.*' 

Whately.— Bichard  Whately,  •1787»  Archbishop  of  Dub- 
lin from  18.31  to  1863,  author  of  •*  Historic  Doubts  relative  to 
Napoleon  Bonaparte/'  "  KIemeut«  of  Logic/'  **  Elementi^  of 
Rhetoric/-  and  numerous  other  works,  mostly  religious,  dis- 
played a  singular  precocity  in  regard  to  calculation.  At  six 
yeara  old  be  astonished  his  faiuily  by  telling  Parkburat,  a 
man  of  past  sixty,  how  many  minutes  he  was  old. 

'*  There  certaiuly  was  sometblng  i>eculiar  in  my  calculating 
facDlty/'  wrote  WTiately  in  his  Commonplace  Book.  '*  It 
began  to  show  itself  between  five  and  six,  and  lasted  about 
throe  years.  One  of  the  earliest  things  I  can  remember  is 
the  discovery  of  the  difference  between  even  and  odd  num- 
ben;  ...  I  soon  got  to  do  the  most  difficult  sums^ 
always  in  my  head,  for  I  knew  nothing  of  figures  beyond 
iitiineration,  nor  bad  I  any  names  for  the  difierent  processes 
I  employed.  But  I  believe  my  sums  were  chiefly  in  multipli- 
cation, division  and  the  rule  of  three.  In  this  last  point  I 
t)elieve  I  surpassed  the  famous  American  l>oy,  though  I  did 
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not,  like  him,  underBtand  the  extraction  of  roots.  I  did 
these  soms  much  quicker  than  any  one  couid  upon  paper,  and 
I  never  remember  committing  the  smallest  error."     .     .     . 

*'  When  I  ^ent  to  school,  at  which  time  the  passion  was 
worn  off,  I  was  a  perfect  dance  at  cyphering,  and  ao  have 
continued  ever  since.'* ' 

Zerah  Colbuhn.^ — Autobiographies  do  not  always  furnish 
the  most  trustworthy  evidence  in  regard  to  the  man  himself; 
when,  moreover,  the  author  is  convinced  that  he  is  nothing 
lees  than  a  modem  miracle;  and,  finally,  when  baring  had 
no  scientific  and  little  literary  education,  he  at  a  later  date 
writes  the  memoirs  of  his  youth,  we  are  obliged  to  supply 
the  lacking  critical  treatment  of  the  narrative.  The  main 
iwraroe  ol  information  in  regard  to  Colbum's  youthful  powers 
consists  of  his  memoirs  published  by  him  in  1833.^  Only 
one  contemporary  account  of  his  earliest  exhibitions  in 
America  isto  be  found,  we  mnst  rely  mostly  on  his  own 
Btatement-8,  probably  derived  from  recollections  of  his  friends, 
and  on  a  '*  Prospectus,*'  a  sort  of  advertisement,  published 
in  London  in  1813. 

Zerah  Colbum,'  1804, t  1S40,  of  Cabot,  Vt.,  was  considered 
a  very  backward  child.     In  the  year  1810,  a  short  time  after 

'  lUne  Whately,  Life  Kod  Correapopdenoe  of  Richard  Whately,  D.  D., 
London,  !8CC.  1,  4. 

•  Bibllngruphy ;  A  Memoir  of  Zerah  Colbarn,  written  by  himself, 
8priOMfl«lU,  Mhss.^I  833 ;  Medical  nnd  Phllosophicnl  Journal  and  Iteview, 
New  York.  1811,  Vol.  111.  p.  11);  Philosophieul  Magazine,  XL.,  London. 
ISia.p.  U9;  PhlioBophlcHl  Miieazlue,  XIJI,  Ixjndon,  1813,p.  481  [report 
of  the  proceediof^H  of  the  RoyHi  .Si>ciety,  la  which  a  letter  conceniliig  the 
extra  difrit*  OQ  memberB  of  the  Colburii  family  wa«  read);  AuaU'vtlo 
MafCAKlDe,  V'id.  I,  year  ISU,  n  124  (T  [oontalrm'  n  reprint  ot  an  nrticle 
tnr  the  calculator,  Mr.  Franiis  Bully,  in  the  LiterHry  PHnorumB.  Oct. 
IsIS,  which  nrticle  U  almo.st  IdcDtlciil  with  the  one  in  the  PhUo»opblcal 

[lUirastQe.  1812,  p.  119.]  Gravp»«;  Life  of  Sir  Willtam  R.  HamUcou,  I, 
78  ff. ;  American  Almaniic.  1841),  p.  307.  In  KarHday's  commouplace 
book  there  St.  an  unpnbli.^hr^d  account  of  /erah  rolbtirn,  who  Tlslted 
Faradav  In  181(!  and  explained  to  him  his  methoil  of  calculation ;  Jodgh, 

fDfe  nf  FarHday,  Tendon.  1S70,  L  221.  Gall,  Fuuctiuu?  nf  the  Drain, 
Orgauolofry,  XVIII;  R.  A-  Troctor.  On  Some  Straofre  Mental  FeatB> 
Corublll   Mag.,  Aufc.   ISTi'i,  Vol.  XXXH,  p.  lo',  reprinted  in   Si-Ience 

iBywayn,  London,  1875,  p.  337.     [This  Is  ku  attempt  at  explaining;  CoU 

rtem**    power*;    the  objections  to  It  will   be  found   below. J      R.  A. 

[Proctor,  Calculating   Boy*i,  in  Ilel);ravia,  Vol.  XXXVIII,  p.  4.'iO  [con- 
tains a  farther  explanation.]    Carpenter.  Mental  Physiology,  Chap.  VI, 
f  30ft  [quotinj^  from  Bully 'f>  account.] 
'  There  la  no  statement  rejcu^rdlot;  the  tltne  at  which  they  were  written^ 
r even  ft  date  to  the  preface;  the  laat  year  mentioned  In  the  book  U 
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a  six  weeks  attendance  at  the  diBtrict  school,  in  which  he  hs 
learned  no  arithmetic  [nnless  from  the  recitations  of  other 
boys  in  the  class-room],  his  father  heard  him  saying  **  5  times 
7  are  35,"  ^'6  timesS  are 48,''  etc.,  and  upon  examfnini^  him 
and  finding  him  perfect  in  the  malti])Iic4itton  table,  ho  asked 
the  product  of  13  X  97,  to  which  1261  was  instantly  given  in 
answer.  The  account  given  by  Zerah  himself,  when  stated 
in  plain  terms,  amounts  to  this  ;  nevertheless,  one  is  tempted 
to  ask  for  the  authority  on  which  the  statements  were  made. 
If  Zerah  remenil«?red  the  exact  figures  himself  till  the  time 
of  writing  his  memoirs,  then  his  power  of  memory  for  long 
periods  must  have  been  extraordinary,  yet  he  never  mentions 
such  powers.  On  the  other  hand,  if  these  statements  are 
made  from  the  stories  current  about  him,  the  general  untrust- 
worthiness  of  such  evidence  does  not  allow  us  to  put  too 
much  faith  in  the  figures. 

Before  long  Zerah '.s  father  took  him  to  Monti)elier,  Vt., 
where  he  was  exhibited.  Of  his  performances  here  Colbum 
gives  only  three  specimens.  "Which  is  the  most^  twice 
twenty-five,  or  twice  five  and  twenty  (2  X  25  or  2  X  5  +  20T) 
Ans. — ^Twice  twenty  five.  Which  is  the  most,  six  dozen 
dozen,  or  half  a  dozen  dozen  (6  X  12  X  12  or  6  x  12!) 
Ans. — 6  dozen  dozen.  It  is  a  fact,  too,  tliat  somebody  asked 
how  many  black  beans  would  make  five  white  ones!  Ans. — 
5.  if  you  skin  them.'^'  It  is  at  once  apparent  that  these 
questions  do  not  demand  any  erti-aordinary  calculating 
powers,  but  on  the  other  hand,  a  sharpness  of  wit  and  an 
analytical  quickness  of  comprehending  puzzles  that  would  be 
phenomenal  in  a  joker  and.  riddle-maker  of  ripe  years.  If  it 
is  reaUy  true  that  the  child  answered  the  last  of  these  ques- 
tions, then  the  real  miracle  is  that  he  should  on  not  a  single 
other  occasion  of  his  life  have  shown  a  sign  of  tJie  Yankee 
quickness  and  shrewdness  here  implied. 

On  tlie  journey  to  Boston,  Zerah^s  wonderful  gifts  con- 
vinced A.  B.,  Esq.,  that  ''  something  had  happened  contrary 
to  the  course  of  nature  and  far  above  it ;  *'  he  was  compelled 
by  this  ''to  renonnce  his  Infidel  foundation,  and  ever  since 
has  been  established  in  the  doctrines  of  Christianity. ''    At 
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Boston  he  gave  pnblic  exhibitione.  "  Qnestions  in  multipli- 
cation of  two  or  three  places  of  figures,  were  answered  with 
much  greater  rapidity  than  they  could  be  solved  on  paper. 
Questions  involving  an  application  of  this  rule,  as  in  Reduc- 
tion, Kale  of  Three,  and  Practice,  seemed  to  lie  perfectly 
adapted  to  hU  mind/'  The  extraction  of  the  roots  of  exact 
Minarm  and  cubes  was  done  with  very  little  effort ;  and  what 
has  been  considered  by  the  Mathematicians  of  Europe  an 
operation  for  which  no  rule  existed,  viz.,  finding  the  factors 
of  nunabers,  was  performed  by  him,  and  in  course  of  time  he 
was  able  to  point  out  his  method  of  obtaining  them.  *'  Ques- 
tions in  Addition,  Subtraction  and  Division  were  done  with 
less  facility,  on  account  of  the  more  complicated  and  con- 
tinued effort  of  the  memory  [sic]  In  regard  to  the  higher 
branches  of  Arithmetic,  he  would  observe  that  he  had  no 
rules  peculiar  to  himself;  but  if  the  common  process  was 
pointed  out  as  laid  down  in  the  books,  he  would  carry  on  the 
process  very  readily  in  Ms  head.*" 

Among  the  questions  answered  at  Boston  were  the  follow- 
ing:' "The  number  of  seconds  in  2000  years  was  requiredt" 
730,000  davs,        ] 
17,520,000  houni,        I    An.wer 
1,061,200,000  oiinateB,    f  *°8W«'' 
e3,072,000>000  Becondfl,  J 

"Supposing  I  have  a  corn-field,  in  which  are  7  acres^ 
having  17  rows  to  each  acre ;  64  hills  to  each  row ;  8  ears  on 
a  hill,  and  160  kernels  on  an  ear ;  how  many  kernels  on  the 
cornfield  t     Answer,  9,139,200." 

At  this  time  he  was  a  child  only  six  years  old,  unable  to 
read  and  ignorant  of  the  name  or  properties  of  one  figure 
tnujed  on  paper.  The  exercise  of  his  faculty  under  such  eir- 
enmstances  causes  him  later  to  exclaim:  "for  it  ever  has 
been,  and  still  is,  as  much  a  matter  of  astonishment  to  him 
as  it  can  be  to  any  other  one ;  God  was  its  author,  its  object 
and  aim  are  perhaps  still  unknown."' 

Shortly  afterward,  on  a  steamboat  journey  up  to  Albany,  a 
gesDtleman  taught  Zerah  the  names  and  the  powers  of  the 


'  Mnnolrfl,  p.  15. 

*  P.  17],  of  the  MciuolrB,  p«rhape  on  the  authority  of  the  Londoa 
Fronectiu  meotloaed  above,  althoogb  Colbuni  doea  not  say  lo. 

•  MCBOln,  p.  16. 
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nine  tinite,  of  which  he  had  been  previously  ignorant.     Tn 
Jane,  1811,  he  visited  Portsmonth  and  answered  the  follow- 
ing: ''Admitting  the  distance  between  Concord  and  Boston 
to  be  65  miles,  how  many  steps  mast  I  take  in  going  (his 
distance^  allowing  that  I  go  three  feet  at  a  stepl     The  answer,  ^ 
114,400,  was  given  in  ten  seconds.     **  How  many  seconds  iafl 
eleven  years!     Answer,  in  four  seconds,  346,896,000.     What 
snm  mnltiplied  by  itself  will  prodnce  998,001T     In  less  than^ 
four  seconds,  999.'"  ■ 

Next  summer  Zerah^s  father  took  him  to  England  and  made 
efforts  to  secure  the  patronage  of  the  nobility.  At  a  meeting 
of  his  friends  ''he  nndertook  and  succeeded  In  raising  the fl 
number  8  to  the  sixteenth  power,  281,474,976,710,656.  He 
was  then  tried  aa  to  other  numbers,  consisting  of  one  6gare, 
all  of  which  he  raised  as  high  as  the  tenth  power,  with  so  H 
much  facility  that  the  person  appointed  to  take  down  the 
rcj^ults  was  obliged  to  enjoin  him  not  to  be  too  rapid.  With 
respect  to  numbers  of  two  figures,  he  would  raise  some  of 
them  to  the  sixth,  seventh  and  eighth  jwwer,  but  not  always 
with  equal  facility ;  for  the  larger  the  products  became  the 
more  difficult  he  found  it  to  proceed.  He  was  asked  the 
square  root  of  106,929,  and  before  the  number  could  be  writ- 
ten down  he  immediately  answered  327.  He  was  then 
requested  to  name  the  cube  root  of  268,336,125,  and  with] 
equal  facility  and  promptnefis  he  replied  645  [Extracted  from< 
a  Prospectus  printed  in  London,  1813]."* 

"It  had  been  asserted      ....      that  4,294,967,297 
(=2*'  H-  1)  was  a  prime  number.     .     .     .     Euler  detected 
the  error  by  discovering  that  it  was  equal  to  641  X  6,700,417. 
The  same  number  was  proposed  to  this  child,  who  found  out] 
the  factors  by  the  mere  operation  of  his  mind.     [Ibid.]"" 

Colburn  is  undoubtedly  the  one  referred  bo  as  tlie  Russian  ' 
boy  in  the  Gk^ntleman's  Magazine  of  1812.     He  showed  him- 

'  Memoir**,  p.  171.  , 

'  Memoirs,  p.  37.  I 

'  Meainlre,  p.  36.  It  requires  considerable  faith  to  accept  tbifl 
6tat«*ment,  althutigh  S.  B.  Mnrsc  met  him  In  London,  and  n  frlt^nd  of 
Horvc  writes  that  *' There  wna  hooio  threat  arithmetical  questlou,  1  do 
Dot  exaetly  know  what,  which  hesolred  almost  a^  »ooo  as  Ic  was  pur  to 
him,  though  it  for  Reyerai  year&  baltled  the  gkill  of  some  of  Lhe  flrat. 
professors. *'    Prime,  Life  of  S.  B.  MorKe*  New  York,  1875.  p.  68. 
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ffelf  to  the  merchants  of  the  Londou  Stock  Exchange  ;  one  of 
them  gave  tlie  boy  a  guinea  of  William  TIT,  and  demanded  to 
know  how  many  years,  months  and  days  had  elapsed  since 
its  coinage ;  all  of  which  he  answered  promptly.  *  This  is 
confirmed  by  a  passage  in  a  letter  from  a  friend  of  S.  B. 
Morse :  **  Zerah  Colborn  .  .  •  has  called  on  us.  .  .  . 
Be  has  excited  much  astonishment  here,  and,  as  they  are 
very  nnwilUng  just  at  this  time  to  allow  any  cleverness  to  the 
Americans,  it  was  said  in  some  of  the  papers  that  he  was  a 
Russian.'* " 

The  father  and  son,  after  a  visit  to  Ireland  and  Scotland, 
retamed  to  London.  In  1814  they  proceeded  to  Paris,  where 
the  people  manifested  very  little  interest  in  his  calculations. 
ThiB  neglect  he  can  only  explain  by  a  national  defect  of  char- 
acter or  a  cmshlng  historical  event.  "Whether  it  were 
principally  owing  to  the  native  frivolity  and  lightness  of  the 
French  people,  or  to  the  painful  effect  produced  by  the  defeat 
of  their  armies  and  the  restoration  of  the  exiled  Louis  Xvill, 
cannot  be  correctly  stated ;  probably  it  was  owing  to  the 
former,  etc,"* 

He  was  introdnced  to  and  examined  by  the  members  of  the 
French  **  Institute,"  among  whom  was  La  Place.  "Three 
months  hatl  now  elapsed  that  he  had  not  been  exhibited,  but 

had  given  his  attention  to  study ;  even  in  this  short  space  it 
was  observable  that  he  had  lost  in  the  quickness  of  his  com- 
putotions."*  Before  long  his  calculating  power  left  him 
entirely. 

By  the  exertions  of  Washington  Irving,  at  that  time  in 
Paris,  the  boy  obtained  aximission  to  the  Lyceum  Napoleon 
(or  Royal  College  of  Ilenri  IV.)  Zerah  gives  an  interesting 
ifcccount  of  this  institution,  whirh  was  under  strict  militai-y 
discipline,  and  also  of  Westminster  School,  in  which  he  was 
placed  on  his  return  to  England. 

Being  in  financial  straits  the  father  suggests  the  stage,  and 
so  Zerah  makes  an  unsuccessful  attempt  at  acting.     There- 


»  GeDtlemao'9  Ma^ailne,  1812,  Vot-  LXXXII,  Pt.  If,  p.  684. 

*  Prime.  Life  of  8.  B.  Morw,  New  York,  1878,  p.  68. 

*  MemolrH,  p.  74. 

*  Memoirs,  p.  76. 
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after,  in  1821,  he  etarta  a  private  school,  which  wae  given  up^ 
after  somewhat  more  than  a  year.  After  his  return  to 
America  he  joined  the  Congregational  church,  bnt  soon  went 
over  to  the  MethodisU  and  began  to  hold  religions  meetings. 
He  was  ordained  deacon,  and  labored  thenceforth  as  an  itin- 
erant preacher,  till,  in  1835,  he  was  appointed  "  Professor  of 
the  Latin,  Greek,  French  and  Spanish  Languages,  and  Eng- 
lish Classical  Literature  in  the  seminary  styled  the  Norwich 
University.'"'  Here  he  died  at  the  age  of  35,  leaving  a  wife 
and  three  children.  ^ 

It  is  to  be  remarked  that  Colbum* s  calculating  powerSyH 
ancli  as  they  were,  seemed  to  have  absorbed  all  his  mental 
energy  ;  he  was  unable  to  learn  much  of  anything,  and  in- 
capable of  the  exercise  of  even  ordinary  intelligence  or  of 
any  prat-tical  application.  The  only  quality  lor  which  he  was 
especially  distinguished  was  self-appreciation.  He  speaks, 
for  example,  of  Bidder  as  "  the  person  who  approached  the 
nearest  to  an  equality  with  himself  in  mental  ftrithraetic."* 
Again,  "he  thinks  it  no  vanity  to  consider  himself  first  in 
the  list  in  the  order  of  time,  and  probably  first  in  the  extent 
of  intellectual  power."  ^  M 

Colbum  possessed  bodily  as  well  aa  mental  peculiarities.fl 
His  father  and  great- grandmother  had  a  supemumeraryfl 
digit  on  each  hand  and  eacJi  foot ;  Zerah  and  three  (or  twol*) 
brothers  possessed  these  extra  members,  while  they  were 
wanting  in  two  brothers  and  two  sisters.  These  digits  are 
attached  to  the  little  fingers  and  little  toes  of  the  hands  and 
feet,  each  having  complete  metacarpal  and  metatarsal  bones.  ^ 
Zerah  leaves  it  a  matter  of  doubt  "whether  this  be  a  proof 
of  direct  lineal  descent  from  Philistine  blood  or  not  (see 
1  Chronicles  xx.  6).'*'*  A  portrait  of  Colbum  was  made  in 
Philadelphia  in  1810,  and  placed  in  the  museum,^  and  another 


'  American  AlmaDac,  1840,  p.  307,  where  be  Ib  spokeo  ot  &8  Rev.^ 
Zerah   Colbum.     The  University   of   Norwich   (Vt.),   after  a  flre  la 
1866,  was  removed  to  Northfleld,  Vt. 

'  Hemotrs,  p.  176. 

^  Memoirs,  p.  176. 

•  Memoirs,  p.  72. 

'  Phllos.  M«g.  XLII,  481. 

'  Memoirs,  p.  72. 

'  Memoirs,  p.  20. 
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was  engraved  in  TjOndon  in  1812.  The  origin  of  the  portrait 
prefixed  to  hiH  memoirs  is  not  given ;  it  shows  a  large  head, 
with  unusual  development  of  the  npper  parts ;  the  forehead 
is  rather  Kmall  and  angular,  the  ocoipnt  is  small;'  the  eyea 
are  quite  large  with  projecting  orbital  arch.  Gall,  who  exam- 
ined the  boy  without  any  previous  intimation  of  his  character, 
'*  readily  discovered  on  the  aides  of  the  eyebrows  certain 
protuberances  and  peculiarities  which  indicated  the  presence 
of  a  faculty  for  computation."  =* 

MANurAsnsi^K. — In  the  year  1837  Vito  Mangiamele,  who 
gave  his  age  a^  lO  years  and  4  mos.,  presented  lumself  before 
Arago  in  Paris.  H©  was  the  son  of  a  shepherd  of  Sicily, 
who  was  not  able  to  give  his  son  any  instmction.  By  chance 
it  was  discovered  that  by  methods  peculiar  to  himself,  he 
resolved  problems  that  seemed  at  the  first  view  to  require 
extended  mathematical  knowledge.  In  the  presence  of  the 
Academy  Arago  proposed  the  following  questions:  "What 
is  the  cubic  root  of  3,790, 416t  In  the  space  of  about  half  a 
minute  the  child  responded  156,  which  is  correct.  What 
satislies  the  condition  that  its  cube  plus  five  times  its  square 
is  equal  to  42  times  itself  increased  by  40!  Everybody  un- 
derstands that  this  is  a  demand  for  the  root  of  the  equation: 
X*  -\-  5  X-  —  42  X  —  40  =0.  lu  less  than  a  minute  Vito 
responded  that  5  satisfied  the  condition ;  which  is  correct. 
The  third  question  related  to  the  solution  of  the  equation : 
X*  —  4  a:  —  16779  =  0.  This  time  the  child  remained  four  to 
five  minutes  without  answering ;  fijially  he  demanded  with 
Borae  hesitation  if  3  would  not  be  the  solution  desired.  The 
secretary  having  informed  him  that  he  was  wrong,  Vito,  a  few 
moment«4  afterwaixls,  gave  the  number  7  as  the  true  solution. 
Having  finally  been  requested  to  extract  the  10th  root  of 
282,476,249,  Vito  found  in  a  short  time  that  the  root  is  7."» 
At  a  later  dat^  a  committee,  composed  of  Arago,  Cauchy  and 
others,  complains  that  **the  masters  of  Mangiamele  have 
always  kept  secret  the  methods  of  calculation  which  he  made 
use  of."* 


*  Medical  mad  Philos.  JoDrnal  and  Rev.,  N.  Y.,  1811,  Vol.  Ill,  p.  21 

*  Memoirs,  p.  77. 

*  Coinpt«8  rendus  dea  s^aoces  de  rAcademIe  den  Sciences,  1837,  IV,  978. 

*  Compten  rendas,  etc.,  1940,  XI,  !)5'J;  rcprini^  In  Oeuvres  completes 
4»  A.  Cauchy,  Parlt,  1996,  Ii«  serie,  tOD»  V,  p.  4&3. 


Zaohabias  Dase:.' — Zacbaria«  Dase  (also,  Dahae)  *1824, 
tl861,  was  born  with  a  natural  talent  for  reckoning;  in  hi» 
own  opinion  his  early  iuntruetion  had  very  little  influence  on 
him  ;  but  his  powers  were  later  developed  by  practitie  and 
industry.-  He  spent  most  of  his  life  in  Hamborg,  bat  made 
many  journeys  through  Germany,  Denmark  and  England, 
giving  exhibitions  in  ready  reckoning  la  the  most  important 
towns.  He  became  acquainted  with  many  learned  men, 
among  whom  were  GansR,  Sehumaeher,  Petersen,  Euoke,  et 
al.  On  one  oceasion  Petersen  tric^l  in  vaiu  for  six  weeks  to 
get  the  first  elements  of  mathematics  into  bis  head.  Schu- 
macher credits  him  with  extreme  stupidity. 

In  1840.  Dase  exliibited  in  Vienna.  He  attended  the 
lectures  of  Prof.  Strasznicky  on  the  elements  of  mathematics, 
who  Kcenis  to  have  brought  him  to  sucii  a  point  that  under 
the  goidanec  of  a  good  mathematician  he  could  do  scientific 
work.  He  was  induced  to  reckon  out  the  value  of  %  which 
he  did  in  two  months  with  the  formula  ^  ^  =  arc  tang  J  -i- 
arc  tang  i  -f  arc  taug  ^.  The  result,  which  is  published  in 
Crelle's  Journal  (loc.  cit.),  agreed  with  that  of  Thibant.  In 
1844,  he  had  a  position  in  the  Railroad  Department  at  Vienna  ; 
in  1845  he  appi^ars  in  Mannheim  ;  in  1840  he  seems  to  have 
had  a  position  in  Berlin. 

Dase  was  ambitious  to  make  some  use  of  his  powers  in  the 
service  of  science.  In  1847  he  had  reckoned  out  the  natural 
logarithms  (7  places)  of  the  numbers  from  1  to  1,005,000,  and 
was  seeking  a  publisher.^  In  riK^koniag  on  paper  he  pos- 
sessed all  the  accuracy  of  mental  calculation,  and  added  to 

*  BibHographv :  Brletwcchpel  zwt&chPD  GaoBfi  und  Schuinacher, 
hentat>g.  von  Peters.  Altona.  1861.  III.  382;  V,  30»  32,  277,  278,  2tt5,  3M, 
2fl7,  2!»S,  3(K(,  .101.  .'{02.  :im.  :ia4;  VI,  27,  28.  78,  112.  (Yelk;  Journal  fUr 
Malbenifirik,  1.H44,  vol.  XXVH,  p.  1»m.  Dane;  Kactorcn-Tafel  fUr  alle 
Zablen  d«r  Hiubeoteo  MUtlon,  Ilnmhurg,  18G2;  (the  introduotioa  cod- 
talDB  remarks  uD  DitBe  and  a  letter  from  Gaufts.)  Sctiroder's  I^exlkon 
der  hamburglncheu  Sohrlftsteller,  Uanibur|E.  1851,  v,  Dase.  Au<i7ug 
BUS  dem  Album  deti  ZueliarlaB  Daec,  WIeu,  1850.  Asbaug  dazu,  Ham- 
burg. 18r>0.  Preyer,  Counttog  L'nconaoiou»ly,  In  Pop.  Science  Monthly, 
XXIX,  p.  221;  reprinted  from  Die  (iartenlaiilie.  188rt,  Bd.  1.  UtteU'n 
Uvlug  Arc,  16fl7,  LIV,  p.  61,  "On  Meutal  Calculation";  reprinted 
from  the  Atheneum.  Accounts  of  Dase  arc  given  in  two  periodicals 
at  present  uut  acce><sible  to  me:  AUgemelne  Dteratur-Zeltuog,  1861 ; 
Zeit«chrlft  fUr  oaterrelchische  Gymnaslen,  vol.  XII. 

*  Schruder's  l^xlkou  glve.s  the  account  of  Daae  '*  nach  tielbfctbericbt." 

*  Brleiwecbsel  zw.  Oauvs  and  Schumacher,  V,  277. 
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this  ao  incrfHlible  rapidity  in  doing  long  problems.  In  the 
same  year  he  had  completed  the  calcnlationa  for  the  compen- 
sation of  the  Prussian  triangulatlons.  In  1850  the  largest 
hyperbolic  table,  as  i-egards  range,  was  published  by  him  at 
Vienna,  nnder  the  title,  "  Taf elder  natilrlichen  Logarifhmen 
der  Zahlen^^ :  the  same  was  reprinted  in  the  annals  of  the 
Vienna  observatory. ' 

In  1850  Dase  went  to  T5ngland  to  earn  money  by  exhibitions 
of  bis  talents.  Mnch  the  same  is  related  of  his  great  powers 
ae  in  Germany ;  his  general  obtuseness  also  occasioned  re- 
mark. He  could  not  be  made  to  have  the  least  idea  of  a 
proposition  in  Euclid.  Of  any  language  but  his  own  he 
conid  never  master  a  word. 

In  1849  Dase  had  wished  to  make  tables  of  factors  and 
prime  numbers  from  the  7th  to  the  10th  million.  The 
Academy  of  Sciences  at  Hamburg  was  re-ady  to  grant  him 
support,  provided  Gauss  considered  the  work  useiul.  Gauss 
writes  him  :  *'  With  small  numbers,  everybody  that  possesses 
any  readiness  in  reckoning,  sees  the  answer  to  such  a  ques- 
tion [the  divisibility  of  a  numl)er]  at  once  directly,  for  greater 
Dnmbers  with  more  or  less  trouble  ;  this  trouble  grows  in  an 
increasing  relation  as  the  numbers  grow,  till  even  a  practiced 
reckoner  requires  hours,  yes  days,  for  a  single  number;  for 
still  greater  numbers,  the  solution  by  sx>eciai  calculation  ia 
entirely  impracticable.  .  .  .  You  possess  many  of  the 
requisite  qualities  [for  CKtabliRhing  tables  of  factors]  in  a 
spetria]  degrt^e,  a  remarkable  agility  and  quickness  in  hand- 
ling arithmetical  operations,  .  .  .  and  an  invulnerable 
persistence  and  perseverance.""  The  assistance  was  granted 
and  Dase  gave  himself  up  to  the  execution  of  the  task.  Up 
to  his  death,  in  1861,  he  had  completed  the  7th  million  and 
Also  the  8th,  with  the  exception  of  a  smaU  portion.  Thus  he 
was  able  to  turn  his  only  mental  ability  to  the  service  of 
■cieiioef  forming  a  contrast  to  C'/olbum  and  Mondeux,  who 
enjoyed  even  greater  advantages  yet  failed  to  yield  any 
raenlte. 


*  Tafel  der  DAtlirllcben  Logaritliuien,  Iq  AnD&leu  d«rK.  K.  SterDwute 
in  WIeD,  Thcll  34,  neuer  Fo»ge  Bd.  XIV,  Wien,  ISSl. 

'  Gmuvi'B  letier  U  f^^iven  lu  the  preface  to  Dase's  FactorcD-Tnfeln, 
Tt«KUUoo,  Hamburg,  1862. 


He  multiplied  and  divided  larfi^e  uuml>er8  in  his  head,  but 
when  the  nnml»ers  were  very  lar^e  he  i-equirod  considerable 
time.  Schumacher  once  gave  him  the  numbers  79,532,853  and 
93,758,479  to  be  multiplied.  From  the  moment  in  which  they 
were  given  to  the  moment  when  he  had  written  down  the 
answer,  which  he  had  reckoned  oat  in  his  head,  there  elapsed 
54  seconds.  *  He  moltdplied  mentally  two  numbers  each  of 
20  figures  in  6  minutes  ;  40  ligureH  in  40  minutes ;  and  100 
figui-es  in  8$  hours,  which  hut  calculHtion  mu8t  have  made 
his  exhibitions  somewhat  tiresome  to  the  onlookers.  He 
extracted  mentally  the  square  root  of  a  number  of  100  figures 
in  52  minutes. 

It  is  curious  that  although  Dase  generally  reckoned  with 
astonishing  aocuracy,  yet  on  at  lea^t  two  ocii-asionsbis  powers 
failed  him.  While  he  was  in  Hamburg,  in  1840,  he  gave 
striking  proofs  of  his  talents,  but  at  times  made  great  mis- 
takes, which  luckily  for  him  happenfnl  seldomer  tlian  his 
correct  answers.^  In  1S45,  Schumacher  writes,  ^*at  a  test 
which  he  was  to  undergo  before  me,  he  reckoned  wrongly 
every  time.'"    This  was  explained  as  coming  fi*om  a  headache. 

He  had  one  ability  not  present  (o  such  a  great  degree  in 
the  other  ready  reckoners.  He  could  distinguish  some  thirty 
objects  of  a  similar  nature  in  a  single  moment  as  easily  as 
other  people  can  recognize  three  or  four.  The  i-apidity  with 
which  be  would  name  the  number  of  sheep  in  a  herd,  of 
books  in  a  book-case,  of  window-panes  in  a  large  house,  was 
even  more  remarkable  than  the  octniracy  of  his  mental  calcu- 
lations. 

Peolongbau, — A  committee  of  the  Academy  of  Sciences 
of  Paris,  including  Arago  and  Cauchy,  undertook  in  1845  to 
investigate  the  powers  of  a  child  of  6J  years,  who  possessed 
an  extraordinary  aptitude  for  calculation.  "  He  solves  men- 
tally with  great  facility  problems  relating  to  the  ordinary 
operations  of  arithmetic  and  to  the  solution  of  equations  of 
the  first  degree.-^' 


*  Brtefwech8«I  iw.  Gauss  und  Schumacher,  V,  302. 
'  BrlcfwechHcl  zw.  Ouasa  und  Schumacher,  III,  382. 
'  Comptes  reudus  dea  stances  de  TAcademle  des  ScIencM,  1845,  t. 
XX,  p.  1029. 


Gbandmange. — In  1852  the  attention  of  the  Academy  of 
Sciences  of  Paris  was  called  to  a  young  man  of  16  years,  C. 
GrandmangOf  bom  without  legs  or  arms,  who  performed 
mentally  very  complicated  calculations  and  solved  difficult 
problems.  *  The  committee  appointed  to  investigate  the  case 
seems  never  to  have  reported. 

MoNDEUX. — Henri  Mondeux,^  *1S26,  tl862,  was  the  son  of 
a  poor  wood-CQtter  in  tiie  neighborhood  of  Tours.  Sent  at 
Ae  age  of  seven  to  keep  sheep,  and  deprived  of  all  instruc- 
tion, he  amnsed  himself  in  counting  and  arranging  pebbles. 
At  this  period  of  life  pebbles  seem  to  have  been  his  signs  for 
nnmbers,  for  he  was  ignorant  of  figures.  He  learned  to 
execute  arithmetical  operations  mentally  and  to  create  for  his 
own  use  ingenious  methods  of  simplification.  After  long 
exercise  at  this  calculation,  be  used  to  offer  to  persons  he 
met  to  solve  certain  problems  sucii  as  to  tell  bow  many  hoars 
or  minutes  were  contained  in  the  number  of  years  which 
expressed  their  ages.  This  awakened  the  interest  of  M. 
Jacoby,  a  schoolmaster  at  Tours,  who  sought  him  out. 
Jaccby  proposed  several  problems  and  received  immediate 
answers  and,  finding  that  the  lK>y  could  neither  read,  write 
nor  cipher,  and  that  he  had  no  a(!([uaintance  with  fractions  or 
any  of  the  ordinary  rules  of  arithmetic,  he  offered  to  instruct 
him.  Unfortunately  the  mind  that  could  carry  so  many 
figures  conld  not  remember  a  name  or  an  address,  so  the  boy 
s{>ent  a  month  searching  the  city  before  he  found  his  bene- 
factor. He  received  instruction  in  calculation  and  was  often 
ehowD  in  neighboring  colleges  and  schools. 

Although  in  other  matters  he  showwl  only  mediocre  intelli- 
gence, yet  he  wa«  something  more  than  a  mere  calculating 
machine,  as  is  shown  for  example  in  bis  way  of  solving  the 


*  Comptes  renduB,  etc..  1853,  t.  XXXIV,  ^.  371. 

*  BlbUog^raphj:  <!k)mpt«s  rcndui^  des  seunccs  de  PAcademle  dea 
8clene«f>,  XI,  p.  830,  95*2.  OeuvrcH  completes  de  Cauchy,  l">  S^rle, 
Paris.  1886,  t.  v,  p.  49;?,  (tbU  U  h  reprint  of  rauchv**  report  in  the 
Comptes  renduft.)  Barbler,  Vie  d'llenri  Moadeux,  1841:  Jruobr,  Biog- 
fWm  d'Henri  Moudeux.  184<;;  JMCoby,  In  Clef  d«  I'Arlthranlque, 
19o0;  Laronue,  Dlt'tioniiire  QDiversclte,  v.  Mondeux;  Dldot's  Nouvelle 
bfo^mphle  gcn^ralo,  v,  Moadcuz;  The  Story  of  a  Wonderful  Boy  Math- 
emMldan,  lo  Every  Saturday  p.  118,  vol-  XI,  June  to  Dec.  1871 ;  Biog- 
raphic antTerselle,  Hicbjtud,  v.  Mondeux. 


n 


BCSIFTITKB: 


"  In  a  paMic  square  there  is  a  foantain 
;  an  vakmowa  qnaotitr  of  vat^r ;  aronnd  it  stands 
•  ^amp  «f  paople  vtth  Twdu  capable  of  containing  a  certain 
•akaora  qoantitx.  Tbey  draw  at  the  following  rate :  The 
#B(  takfli  100  qmrte  and  t^  of  the  remainder ;  the  second 
9M  ^aafta  aod  f^  of  the  remainder ;  the  third  300  quarts  and 
^,  aad  so  on  until  the  fountain  wae  emptied.  How  many 
qaarta  veie  tker«t  In  a  few  Heconds  he  gave  the  answer,  and 
tbk  is  the  daq>fe  process  by  which  he  obtained  it :  Take  the 
ll— nminitnr  of  the  fraction,  substract  one ;  that  gives  the 
anMlMir  d  pefaooa.  Multiply  that  by  the  number  of  qnaits 
takam  by  the  Ant  person — ^that  is,  by  100 — and  yon  get  the 
«liu2  qoanftillaa  taken  by  each ;  square  this  number  and 
SioJtipljr  bgr  tbe  number  of  quarts,  and  you  get  the  quantity 
iatbefooatata/'^ 

la  IMOf  M.  Jacoby  presented  the  boy  to  the  Academy  of 
Briaawa  of  Paris.  Jaooby  had  taken  note  of  the  processes 
aapWiynd.  and  the  boy  was  willing  to  unfold  them  himself 
bitore  a  oontmiaaion.  On  this  occasion  two  questions  were 
gtrailiftm,  one  of  which  was  this:  ''How  many  minutes  in 
9%  jearaf  The  child,  who  found  the  problem  very  simple, 
reapondvd  in  a  few  moments :  52  years  of  365  days  each^  are 
eompoaed  of  27,331,200  minutes,  and  of  1,(>39,872,000  sec- 
ODda/"  A  committee,  including  Arago  and  Cauchy,  made 
an  exhaoatire  examination  of  his  powers  and  reported  on 
tlia  prooeM6fl  used  by  him.  "At  present  he  easily  exu- 
0alei  fa  his  hmd  not  only  diverse  operations  of  arithmetic, 
bot  alao  in  many  cases  the  numeric-al  resolution  of  e<inations  : 
ba  inrantH  processes,  sometimes  remarkable,  to  solve  various 
qaatUooa  which  are  ordinarily  treated  with  the  aid  of 
algebra."*  In  spite,  however,  of  his  marvellous  power  of 
inventing  and  applying  arithmetical  methods,  he  did  not 
answer  the  expectations  of  his  friends,  but  sank  into  obscu- 
rity and  di(Ml  almost  unknown. 


■  KTcry  Batardty,  XI,  118, 

«  CoiBptM  reodui,  etc.,  1840,  t.  XI,  p.  830. 

'  ComptM  renduft,  etc.,  1840,  XI,  953. 


Gbob6£  Bidder. — Geo.  Bidder,^  *1806r  tl878,  waathe  son 
of  an  Baglish  stonemason.  His  first  and  only  instruction  in 
numbers  waa  received  at  about  6  years  of  age,  from  his  elder 
brother,  from  whom  he  learned  to  count  up  to  10  and  then 
to  100. 

"I  amused  mysell,'' hesays,  "by  repeating  the  process  [of 
counting  up  to  100],  and  found  that  by  stopping  at  10,  and 
repeating  that  every  time,  I  counted  up  to  100  much  quicker 
than  by  going  straight  through  the  series.  1  counted  up  to 
10,  then  to  10  again=20,  3  times  10=30,  4  times  10=40,  and 
so  on.  This  may  appear  to  you  a  simple  process,  but  I 
attach  the  utmost  importance  to  it,  because  it  made  me  per* 
fectly  familiar  with  numbers  up  to  100;  ...  at  this  time 
I  did  not  know  one  written  or  printed  figure  from  another, 
and  my  knowledge  of  language  waa  so  restricted,  that  I  did 
not  know  there  was  such  a  word  aa  *  multiply ' ;  but  having 
acquired  the  power  of  counting  up  to  100  by  10  and  by  5,  I 
set  about,  in  my  own  way,  to  acquire  the  multiplication  table. 
This  I  arrived  at  by  getting  peas,  or  marbles,  and  at  last  I 
obtained  a  treasure  in  a  small  bag  of  shot :  I  used  to  arrange 
them  in  squares,  of  8  on  each  side,  and  then  on  counting 
them  throughout  1  found  that  the  whole  number  amounted  to 

:  by  that  process  I  satisfied  my  mind,  not  only  as  a  matter 

memory,  but  as  a  matter  of  conviction,  that  8  times  8  were 
64  ;  and  that  fact  once  establishes!  has  remained  then^  undis- 
turbed until  this  day,  ...  in  this  way  I  acquired  (he 
whole  multiplication  table  up  to  10  times  10 ;  beyond  which 
I  never  went ;  it  was  all  that  I  required."* 

Most  of  the  child's  time  was  spent  with  an  old  blacksmith. 

'  Dibhograpby:  ProceedioKS  of  the  Instituttoa  of  Civil  EnelDeerA, 
vol.  XV.,  acMloalB.'iO-ftfl,  I^Mtion,  1866,  p.  251  ff..  "Oo  MfititHlCalcu- 
lailno'';  Vol.  LVII,  session  1878-70,  part  III,  liondon,  lft79,  p.  194, 
'*  Memoirs  of  I>ccea8Pd  Members."  A  Memoir  of  Zerah  Colbiirn,  writ- 
t«n  by  himself,  SpriuRneld,  1H.33,  p.  176.  PhHosophlcal  Ma^jazlnei 
XI'Vir,  Loudon,  1816,  p.  314.  Kevleirs  of  Bidder's  speech  are  ^iven  lu 
liUelPi  Living  Age,  18S6,  XLIX,  p.  254;  1857,  LIV,  p.  61.  A  oorre- 
■poodeotlo  the  .Spectator,  1879,  LII,  p.  Ill,  quotes  from  a  pamphlet  Id 
bu  pOfisessioD,  the  title-pai^e  of  which  is  mlsslug.  'Die  prloters  of  this 
Mmpbiet  were  M.  Hrran  it  <'o.,  Brlfitol,  and  the  date  Is  enimated  Co  be 
l8a0.  It  oontalQS  a  lur^e  numtt^r  of  qu<!Hl1ont)  pronoMHl  to  Bidder  nC 
rarloas  plat-es  in  the  years  1816-19;  the  answers  given  are  appended, 
oflm  with  the  time  It  took  him  to  perform  the  operation. 

■  rroceedings  Civ.  Eng.,  XV,  p.  i&T. 


On  one  occasion  somebody  by  chance  mentioned  a  sum  aod 
the  boy  astonished  the  bystanders  by  giving  the  anaver  cor- 
rectly. **  They  went  on  to  ask  me  up  to  two  places  of  figures, 
13  times  17  for  instance;  that  was  rather  beyond  me  at  the 
time,  bat  I  had  been  accustomed  to  reason  on  fignres,  and  I 
said  13  times  17  means  10  times  10  plus  10  times  7,  plus  10 
times  3  and  3  times  7 "^ 

While  remaining  at  the  forge  he  received  no  instruction  in 
arithmetic  t)eyond  desultory  scraps  of  information  derived 
from  persons  who  came  to  test  his  powers,  and  who  often  in 
doing  BO  gave  him  new  ideas  and  encouraged  the  further 
development  of  his  pe(!uliar  faculty,  until  he  obtained  a  mas- 
tery of  figures  that  apx>earcd  almost  incredible,  "  By  degrees 
I  got  on  until  the  multiple  arrived  at  thousands.  Then  .  . 
.  .  it  was  explained  to  me  that  10  hundreds  meant  1000. 
Numeration  beyond  that  point  is  very  simple  in  its  features  ; 
1000  rapidly  getti  up  to  10,000  and  20,000,  a8  it  is  simply  10 
or  20  repeated  over  again,  with  thousands  at  the  end,  instead 
of  nothing.  So  by  degrees  I  l>ecame  familiar  with  the  numer- 
ation table,  up  to  a  million.  From  two  places  of  figures  I 
got  to  three  places ;  then  to  four  places  of  figures,  which 
took  me  up  of  course  to  tens  of  millions:  then  I  ventured  to 
five  and  six  places  of  figni'es,  which  I  could  eventually  treat 
with  great  facility,  and  as  already  mentioned,  on  one  occasion 
I  went  tiirough  the  task  of  multiplying  12  places  of  figures 
by  12  figures,  but  it  was  a  great  and  distressing  effort."^ 

Before  long  he  was  taken  about  the  country  by  his  father 
for  the  purpose  of  exhibition.  This  was  so  profitable  for  the 
fother  that  the  boy's  education  was  entirely  neglected.  Even 
at  the  age  of  ten  he  was  just  learning  to  write;  figures  he 
could  not  make.  Borne  of  the  questions  ho  had  answered 
were  the  following :  "Suppose  a  cistern  capable  of  contain- 
ing 170  gallons,  to  receive  from  one  cock  54  gallons,  and  at 
the  same  time  to  lose  by  leakage  30  gallons  in  one  minute; 
in  what  time  will  the  said  cistern  be  full?"  **How  many 
drops  are  there  in  a  pipe  of  wine,  supposing  each  cubic  inch 
to  contain  46S5  drops,  each  gallon  231  inches  and  126  gallons 


>  Proceedings  Civ.  Eng.,  XV,  p.  'i&8. 
*  Frooeedlnga  Civ.  Eng.,  XV,  p.  259. 
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in  a  pipet  "  **  In  the  cube  of  36,  how  many  times  16228  t  "  * 
Among  others  the  famous  Herschel  came  in  1817  to  see  the 
"Calculating  Boy." 

Shortly  afterward  he  was  sent  to  school  for  a  while.  Later 
he  was  privately  instructed,  and  then  attended  the  University 
of  Edinburgh,  obtaining  the  mathematical  prize  in  1822. 
Later  ho  entered  the  Ordnance  Sur\'ey,  and  then  was  em- 
ployed by  the  Institution  of  CivU  Engineers.  He  waa 
engaged  in  several  engineering  works  of  importance ;  he  is 
also  to  be  regarded  as  the  founder  of  the  London  telegraphic 
ayetem.  His  greatest  work  was  the  construction  of  the  Vic- 
toria  (London)  Docks.  Bidder  wa.s  engagetJ  in  most  of  the 
great  railway  contests  in  Parliament,  and  was  accounted 
**  the  best  witness  that  ever  entered  a  committee  room."  He 
was  a  prominent  member,  Vice  President,  then  President  of 
the  Institution  of  Civil  Engineers.  In  his  later  years  there 
was  no  appreciable  diminution  in  Bidder^s  powers  of  retain- 
ing statistics  in  bis  memory  and  of  rapidly  dealing  with 
figures.  Two  days  before  his  death  the  query  was  suggested 
that  taking  the  velocity  of  light  at  190,000  miles  per  second, 
and  the  wave  length  of  the  red  rays  at  36,918  to  an  inch,  how 
many  of  ite  waves  must  strike  the  eye  iu  one  second.  His 
friend,  producing  a  pencil,  was  about  to  calculate  the  result, 
when  Mr.  Bidder  said,  '*  You  need  not  work  it;  the  number 
of  vibrations  will  be  44-4,433,651,200,000.'" 

The  fact  that  Bidder  became  a  highly  educated  man,  and 
one  xtf  the  leading  engineerH  of  his  time;  that  his  powers 
increased  rather  than  diminished  with  age;  and  above  alt, 
that  he  has  given  a  clear  and  trustworthy  account  of  how  be 
obtained  and  exercised  his  talent,  renders  his  testimony  of  the 
highest  worth,  and  provides  the  solution  of  many  of  the  dark 
problems  met  with  in  the  eases  of  Dase,  Colbum,  and  others. 
Indeed,  he  sctims  to  fill  out  just  what  is  lacking  in  each  case; 
Dase  never  gave  a  good  ac<^ount  of  the  way  iu  which  be 
worked  ;  Colbum  could  not  till  later  explain  his  methods, 
and  then  only  in  the  clumsy  way  to  be  expected  from  a  young 
man  of  little  education  ;  finally,  just  the  part  we  cannot  un- 
deretaod  in  Buxton  is  here  explained  in  full. 

•  Phllot.  Mag.  XLVTI,  p.  31fi. 

'  Proceeding*  CW.  Eng.,  LVIi,  309. 
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In  1814  a  witness  to  his  powers  states  that  he  displayed 
great  facility  in  the  mental  handling  of  nnmbers,  multiplying 
readily  and  correctly  two  figures  by  two,  but  failing  in 
attempting  numbers  of  three  figures.  This  same  witness  was 
present  at  an  examination  of  the  boy  iu  1S16  by  several  Cam- 
bridge men.  The  first  question  was  a  sum  in  simple  addition, 
two  rows  with  twelve  figures  in  each  row  ;  the  boy  gave  the 
correct  answer  immediately.  After  more  than  an  hour  the 
question  was  asked,  *'  Do  you  remember  the  sum  in  addition 
I  gave  you!  '*  He  repeated  the  twenty-four  figures  with  only 
one  or  two  mistakes.  At  this  time  he  could  not  explain  the 
prooesses  by  which  he  worked  out  long  and  intricate  sums. 
'*  It  is  evident  that  in  the  course  of  two  years  his  powers  of 
memory  and  calculation  must  have  been  gradually  devel- 
oped."* 

This  development  seems  to  have  been  steady.  The  follow- 
ing series  shows  the  increasing  rapidity  with  which  the 
answers  came : 

1816  (10  years  of  age).  What  is  the  interest  of  £4,i4A 
for  4,444  days,  at  4J%  per  annumf  Ans.  in  2  min.,  £2,434, 
16*.  5irf. 

1817  (10  years  of  age).  How  long  would  a  cistern  I  mile 
cube  be  filling,  if  receiving  from  a  river  120  gallons  per  mia- 
nte  without  intermissiont  Ans.  in  2  minutes — years  14,300, 
days  285,  honrs  12,  minutes  46. 

1818  (11  years  of  age).  Divide  468,592,413,563  by  9,076. 
Ans.  within  1  min.,  51,629,838. 

1818  (12  years  of  age).  If  tlie  pendulum  of  a  clock 
vibrates  the  distance  of  9J  inches  in  a  second  of  time,  how 
many  inches  will  it  vibrate  in  7  years,  14  days,  2  hours,  1 
minute,  56  seconds,  each  year  being  366  days,  5  hours,  48 
minutes,  65  secondsY  Ans.  iu  less  than  a  minute,  2,165,- 
625,7443  inches. 

1819  (13  years  of  age).  To  find  a  number  whose  cube  less 
19  multiplied  by  its  cube  shall  be  equal  to  the  cube  of  6. 
Ans.  instantly,  3.' 

Sir  Wm.  Herschel  put  the  following  question  to  the  boy ; 

'  Spectator,  1879,  LII,  p.  47. 
•  SpecUtor,  1879,  LII,  p.  111. 
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Light  travels  from  the  son  to  the  earth  in  8  minutes,  and  the 
sua  being  98,000,000  miles  off,  if  light  would  take  6  years 
and  4  months  traveling  at  the  same  rate  from  the  nearest 
fixed  star,  how  far  is  that  star  from  the  earth,  reckoning  365 
days  and  6  hoars  to  each  year,  and  28  days  to  each  month  t 
Ans.,  40,633,740,000,000  miles.* 

Curious  enough  is  the  fact  that  Bidder  and  Colbum  met  in 
DerbyBhire,  and  underwent  a  comparative  examination,  the 
result  of  which  is  said  to  have  been  to  the  total  defeat  of 
Colbum.' 

Prof.  Elliot,  of  Liverpool,  who  knew  Bidder  from  the  time 
they  were  fcllow-studentfi  in  Edinburgh,  says  he  was  a  man 
of  fir8t*rat«  business  ability  and  of  rapid  and  clear  insight 
into  what  would  pay,  especially  in  railway  matters.  As  a 
proof  of  this  statement  we  can  accept  the  fact  that  Bidder 
became  a  wealthy  man. 

The  Bidder  family  seem  to  have  been  distinguished  for 
mental  traits  resembling  George  Bidder^a  in  some  part"  or 
Another.  Bidder  was  noted  for  his  great  mathematical  ability 
and  his  great  memory.  One  of  his  brothers  was  an  excellent 
mathematician  and  an  actuary  of  the  Royal  Exchange  Life 
Assurance  Office.^  Kev.  Thomas  Threlkeld,  an  elder  brother, 
was  a  Unitarian  minister.  He  was  not  remarkable  as  an  arith- 
metician, but  he  possessed  the  Bidder  memory  and  showed 
the  Bidder  inclination  for  figures,  but  lacked  the  power  of 
mpid  calculation.  He  could  quote  almost  any  text  in  the 
Bible,  and  give  chapter  and  verse.*  Ho  had  long  collected 
all  the  dates  he  could,  not  only  of  historical  persons,  but  of 
everybody ;  to  know  when  a  person  was  bom  or  married  was 
a  source  of  gratification  to  him.  ^ 

One  of  George  Bidder's  nephews  at  an  early  age  possessed 
remarkable  mechanical  ingenuity. 

Most  interesting  of  all  is  the  partial  transmission  of  his 
peculiar  faculties  to  his  son,  George  Bidder,  Q.  C,  and 
through  him  to  two  grandchildren.     The  second  son  was  a 

'  SpecUtor,  1879,  UI,  p.  112. 
■  Specutor,  1870,  LIl,  p.  112. 

*  Spectator,  1878,  LI,  p.  1635. 

*  SpecUtor,  1878.  LI.  p.  163fi. 

*  Brierly*s  Journal,  Jau.  35,  1879,  quoted  in  the  Spectator,  1879,  UI 
p.  14S. 
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first-claHS  man  in  classier  at  Oxford,  and  Fellow  of  his  col- 
lege. The  elder  Bidder,  however,  poBsessed  the  peculiar 
faculties  of  tlio  family  is  Hucb  proportiouH  that  he  far 
exceeded  the  others  in  calculating  powers. 

George  Biddkb,  Q.  C. — Bidder's  calculating  faculty  waa 
transmitted  to  his  eldest  son.  It  has  caused  some  confnsion 
that  he  bore  the  same  name  as  his  father.  Some  writers  have 
lately  referred  to  the  father  as  G.  P.  Bidder,  but  Bince  he  was 
always  known  as  Geo.  Bidder,  the  only  way  out  of  the  diffi- 
culty is  to  distinguish  the  son  by  adding  his  title. 

George  Bidder,  Q.  C.,  distinguished  himself  at  Cambridge 
in  mathematics,  being  fleventh  wrangler  of  his  year.  He  is 
now  a  thriving  barrister  and  Queen's  Counsel. 

He  posaesses  a  remarkable  visual  memory.  He  always 
sees  mental  pictures  of  figures  and  geometrical  diagrams. 
"  If  I  perform  a  sum  mentally  it  always  procetnls  in  a  visible 
form  in  my  mind  ;  indeed,  I  can  conceive  no  other  way  pos- 
sible of  doing  mental  arithmetic."* 

He  considers  the  special  aids  to  mental  calculation  to  be  a 
powerful  memory  of  a  peculiar  cast^  in  which  figures  seem  to- 
stereotype  themselves  without  an  effort,  and  an  almost  incon- 
ceivable rapidity  of  operation.  The  former  he  poHsessed  in 
a  high  degree;  the  latter  was  no  doubt  congenital,  but  was 
developed  by  incessant  practice  and  by  the  confidence  thereby 
acquired. 

Bidder  says  :  *'  I  myself  can  perform  pretty  extensive  arith- 
metical operations  mentally,  but  I  cannot  pretend  to  approach 
even  distantly  to  the  rapidity  and  accuracy  with  which  my 
father  worked.  I  have  occa-sionally  multiplied  15  figures  by 
15  [figures]  in  my  head,  but  it  takes  me  a  long  time  and  I  am 
liable  to  occtasional  errors.*'  Just  before  writing  this  ho  tried 
the  following  to  see  if  he  could  still  do  it : 
378,201,969,613,825 
199,631,057,265,413 

**l  got  in  my  head  the  answer  76,576,299,427,512,145,197,- 
£97,834,725,  in  which  I  think  you  will  find  four  figures  out 
of  the  29  are  wrong."* 

■  Spectator,  1B78,  LI,  p.  1634. 

■  Spectator,  1878,  U,  p.  1635. 
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We  have  no  account  Iroiu  George  Bidder,  Q.  C,  to  show 
whether  he  performs  the  operations  rapidly  or  not. 

The  daught«;rs  of  Mr.  Bidder,  Q.  C,  ahow  more  than  tlie 
ATerage  bat  not  extraordinary  powers  of  doing  mental  arith- 
metic. To  test  their  calculating  powers  Prof.  EUiot  in  1877 
asked  them,  '^At  what  point  in  the  scale  do  Fahrenheit's 
thermometer  and  the  centigrade  show  the  same  number  at  the 
same  temperature!  '*  The  nature  of  the  two  scales  had  to  be 
explained,  but  after  that  they  were  left  to  their  own  resourt^es. 
The  next  morning  one  of  the  jounger  ones  (about  ten  years 
old)  said  it  waa  at  40  degrees  below  zero.  This  is  the  correct 
Answer;  she  had  worked  it  out  in  bod.* 

Another  granddaughter  shows  great  visual  memory.  On 
one  occasion  she  remarked,  "When  I  hear  anything  remark- 
able read  or  said  to  me,  I  think  I  see  it  in  print.'' 

Bafpohd.^ — Truman  Henry  Salloi-d  was  born  at  Boyaltonf 
Vt.,*  in  1836.  Even  in  his  earlier  years  his  parents  had 
amused  themselves  with  his  i>ower  of  c-alculating.  When  six 
years  of  age  he  told  his  mother  that  if  he  knew  how  many 
rods  it  was  round  his  father's  large  meadow  he  could  tell  the 
measure  in  barley-corns;  on  hearing  that  it  was  1040  rods, 
he  gave,  after  a  few  minutes  the  answer,  617,760,  which  he 
bad  reckoned  out  in  his  head.  Before  his  eighth  ye^r  he  had 
gone  to  the  extent  of  Colburn's  powers.  His  abilities  were 
won  by  means  of  study,  and  it  was  observed  that  he  improved 
rapidly  by  pi-actice  and  lost  by  neglect. 

In  1845,  Dr.  Dewey  wrote  of  him,  "He  is  a  regular 
reasoner  on  correct  and  established  princibles,  taking  the 
fiasiest  and  most  direct  course.  As  he  had  Mutton's  Mathe- 
matics, and  wanted  some  logarithms,  his  father  told  me  he 
compntcpd  the  logarithms  from  1  to  60  by  the  formula  given 


*  SpecUtor,  1878,  M,  p.  IffiU. 


*  filblUi^rapliy :   ApplelotiV  Cyclopedia  of  Americaa  Blofraphr,  ▼. 
Saffbfd;  Chamher'A  Kdinburgh  .Tournal,  July-Dec.  1S47,  Vol.  Vtli.  p. 


MB,  article  ''Trarnun  Henry^SulTonU''  (thix  Is  ruuud*-il  on  an  artiule  In 
IIm  **Cbrlf(tUQ  Alliance  and  Family  VUitor,"  of  Bo»tou) ;  UttelPa 
Living  Age,  XVI,  p.  82,  ha>^  copied  the  article  from  Clianibfr*^  Journal; 
I^Uure  Hour,  I,  p.  540,  contnini*  aii  n)>j<trHct  of  thf  »ame  article. 

'  It  In  a  curiouR  fact  that  SaflTurd  was  burn  wiLhIu  40  lulles  of  Col- 
barn*!  blrttiplacet  and  15  of  Norwich. 


by  HqUoh,  which  were  afterwards  found  to  be  the  same  in 
table  of  logarithmH  for  the  same  nnmber  of  dedmalfi.'* 

In  his  return  from  a  little  tour,  in  which  he  had  been  intro- 
duced to  various  Bcientific  men,  he  set  about  countnicting  ao 
almanac  which  was  put  to  press  when  the  author  was  just  9J 
years  old.  In  the  following  year  he  calculated  four  different 
almanac  calendars.  While  getting  up  the  Cincinnati  one  he 
originated  a  new  rule  for  getting  moon-risings  and  settings, 
accompanied  by  a  table  which  saves  fnll  one-fourth  of  the 
work  in  eaating  moon- risings.  This  rule  and  the  manuscript 
almanacs  are  preserved  in  the  Harvard  library,  a&  are  also 
his  new  rules  for  calculating  eclipses.  At  ten  years  of  age 
he  was  carefully  examined  by  Itev.  H.  W.  Adams,  with  qaes- 
tions  prepared  beforehand.  Adams  says:  "I  had  only  to 
read  the  sum  to  him  once.  .  .  .  Let  this  fact  be  remem- 
bered in  connection  with  some  of  the  long  and  blind  sums  I 
shall  hereafter  name,  and  see  if  it  does  not  show  his  amazing 
power  of  conception  and  comprehension.^'*  The  questions 
given  hira  became  continually  harder.  **What  number  is 
that  which,  being  divided  by  the  product  of  its  digits,  the 
quotient  is  3;  and  if  18  be  added  the  digits  will  be  invert-edt 
He  flew  out  of  his  chair,  whirlwl  around,  rolled  up  his  eyes 
and  said  in  about  a  minat«,  24."  "What  is  the  entire  sur- 
face of  a  regular  pyramid  whose  slant  height  is  17  feet  and 
the  Itase  a  pentagon,  of  which  each  side  is  33.6  feett  In 
about  two  minutes  after  amplifying  round  the  room,  as  his 
custom  is,  he  replied  .S354.5658.  *  How  did  you  do  it,*  said 
I.  He  answered  :  Multiply  33.5  by  5  and  that  product  by 
8.5  and  add  this  product  to  the  product  obtained  by  squaring 
33.5,  and  multiplying  the  square  by  the  tabular  area  taken 
from  the  table  corresponding  to  a  pentagon.'^ 

"Multiply  in  your  head  365,365,3fi.'5,365,365  by  365,365,- 
365,365,365,355.  He  flew  around  t<he  room  like  a  top,  pulled 
his  pantaloons  over  the  top  of  his  boots,  bit  his  hand,  rolled 
his  eyes  in  their  sockets,  sometimes  smiling  and  talking,  and 
then  seeming  to  be  in  agony,  until,  in  not  more  than  one 
minute,   said    he,   133,491,850,208,566,925,016,668,299,941,- 

I  Chamber's  Journal,  YTTI,  p.  966. 
'  Chamber'e  Jourual,  Vm,  p.  966. 


4 


jLSITHBfETICAL   PBODIQIES.  31 

683,226!     ...     he  began  to  multiply  at  the  left  band  and 
to  bring  ont  the  answer  from  left  to  right."* 

In  the  number  of  figures  this  exceeds  Bidder's  longest  mul- 
tiplication, bat  the  repetition  of  the  same  figures  renders  it 
euier. 

Safford  had  not  a  one-sided  mind;  "chemistry,  botany, 
philosophy,  geography  and  history  are  his  sport."  ^'His 
memory  too  is  very  retentive.  He  has  pored  over  Gregory's 
Dictionary  of  the  Arts  and  Sciences  so  much  that  I  seriously 
doubt  whether  there  can  be  a  question  asked  him  drawn  from 
either  of  those  immense  volumes  that  he  will  not  answer  in- 
stantly." This  reminds  one  of  the  story  of  Ampere  and  the 
encyclopedia.* 

On  an  invitation  of  the  Harvard  TTniversity  his  father 
removed  to  Cambridge  and  Saffonl  was  placed  under  the 
charge  of  Principal  Everett  and  Professor  Peirce.  At  the 
age  of  14  he  calcu]at4»d  the  elliptic  elements  of  the  first  oomet 
of  1849.  Aft«r  graduating  from  Harvard  in  1854,  he  spent 
several  years  there  in  the  observatory.  8ince  this  time  he 
has  made  many  important  a«tronomi*ral  calculations  and  dis- 
coveries, and  nnmerous  contributions  to  the  astronomical 
journals.  He  is  at  present  Professor  of  Astronomy  in  Wil- 
liams College. 

In  regard  to  the  divisors  of  large  numbers,  Safiord  seemed 
to  possess  the  power  of  recognizing  in  a  few  moments  what 
numbers  were  likely  to  divide  any  given  large  number,  and 
then  of  testing  the  matter  by  actual  division  with  great 
rapidity.* 

MiBCELLAKEOUB. — A  boy  from  St.  Poelten  was  exhibited 
by  Gall  in  Vienna.  He  was  the  son  of  a  Ijlacksmith  and  had 
received  no  more  instruction  at  school  than  his  companions. 
At  nine  yej»rs  of  age,  when  they  gave  him  three  numbers 
each  expressed  by  ten  or  twelve  figures,  asking  him  to  add 
them,  then  to  subtract  them  two  by  two,  to  multiply  and  then 


*  Cbunber*t  Journal,  VIII,  p.  266. 

'  See  Angola  Kutogv  on  Ampdre,  translated  In  the  Smithsonian  Re- 
port, 1873. 

•  B«lgravlA,  XXXVIU,  p.  466. 
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divide  them  by  numbers  containing  three  fignree,  he  would 
give  one  look  at  the  aambcrs  and  announce  the  result  before 
it  could  l.>e  obtained  by  others  on  paper.' 

Oall  says  that  an  advocate  came  to  him  to  complain  that 
his  son,  aj;e<l  five  years,  was  occupied  exclusively  with  num- 
bers and  calculations,  and  that  it  was  impossible  to  fix  his 
attention  on  anything  else.'  | 

Devaux,  a  boy  of  seven  years,  ha^l  a  passion  for  going  to 
all  the  fairs,  and  waiting  for  the  traders  at  the  moment  when 
they  had  closed  their  accounts  ;  when  they  made  mistakes  in 
their  calculations,  it  was  his  greatest  pleasure  to  discover  the 
error.' 

Mr.  Van  R.  of  Utica,  IT,  8.  A. ,  at  the  age  of  six  years  dis- 
tinguished himself  by  a  singular  facility  for  calculating  in  hla 
head ;  at  eight  he  entirely  lost  this  faculty,  and  after  that 
time  he  could  calculate  neither  better  nor  faster  than  any 
other  person.  He  did  not  retain  the  slightest  idea  o!  the 
manner  in  which  he  performed  his  calculations  in  childhood.* 

The  daughter  of  Lord  Mansfield,  seen  by  Spurzheim  at 
London,  when  she  was  13  years  old,  almost  equaled  Golbum ; 
she  extracted  with  great  facility  the  square  and  cube  root  of 
numbers  of  nine  places." 

Prof.  Elliot  tells  ot  a  half  idiot  who  was  remarkable  in 
his  own  county  district  for  his  powers  of  calculation.  He 
got  him  to  put  down  his  oi)erations  in  a  few  cases  on  paper; 
his  modes  of  abbreviation  were  ingenious.' 

Huber  tells  of  a  blind  Swiss  who  solved  the  most  difficult  I 
arithmetical  problems,  and  who  was  able  to  repeat  in  either] 
way  a  line  of  150  figures  after  hearing  them  only  once.^ 

II. 

The  duty  of  a  psychological  analysis  of  the  powers  of  arith- 
metical  prodigies  would  be  to  determine  the  processes   of] 


'  Haber;  Das  OedAclitalM,  MUncbeD,  1878,  p.  43. 
■  Gull,  Functions  of  the  Brain,  Orennology,  XVUI. 
»  Gall,  loc.  cit. 
«  Gall,  loc,  cU. 

'  M«dlcal  and  PhtloftophlcHt  Jonmal  and  Review,  New  York.  1811, 
p.  22. 
•  Gall.  loc.  clt. 
1  Spectator,  1878,  LI,  p.  1534. 
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which  Huch  powers  c-onsiRt  and  to  establinh  a  Reriea  of  grada- 
tions from  the  normat  to  the  abnormal.  It  lies,  however, 
outside  of  oar  pn^sent  task  to  investigato  the  fundamental 
arithmetic-al  processes,  though  just  thefie  cases  seem  to  offer 
a  means  of  clearing  up  some  of  the  obscarity;  we  shall  not 
go  l>eyond  faots  such  as,  aecm-acy  of  memory,  arithmetical 
association,  etc.,  which  for  oar  purposes  can  be  regarded  as 
not  requiring  farther  analysis. 

Speaking  of  the  ability  to  reckon  rapidly,  Ganss  remarks  : 
"Two  things  must  be  distingnighed  here,  a  powerful  memory  I 
for  figures  and  a  real  ability  for  calculation.  These  are  really  i 
two  qualities  entirely  independent  of  each  other,  which  can 
be  united  but  arc  not  always  so.'''  Bidder's  opinion  was 
"that  mental  calculation  depends  on  two  faculties  of  the 
mind  in  simultaneous  operation — computing  and  registering 
the  result.'*^  Nevertheless,  there  are  some  other  important 
fact«  in  the  psychology  of  the  ready  reckoners ;  we  shall 
accordingly  consider  them  in  respect  to  memory,  arithmetical 
association,  inclination  to  mathematics,  precocity  and  imag- 
ination. 

Memory.     Perhaps  aside  from  precocity  the  most  remark- 
able fact  in  regartl  to  ready  reckoners  is  their  power  to  do 
long  calculations  wholly  in  the  mind  without  making  a  mis 
take;   next  to  this  would  be  placed  the  wonderful  rapidity 
which  some  of  them  have  shown. 

Arcuraci/  of  Memory, — The  performance  of  long  calcula- 
tions In  the  mind  depends  above  all  on  the  accuracy  of  the 
memory  for  a  sufficient  length  of  time.  For  longer  periods 
of  time  there  seems  considerable  variation  among  the  several 
eslcnlators,  and  indeed  this  power  is  not  an  absolnte 
necessity. 

Buxton  had  p4*rhaps  the  most  accurate  memory  of  all. 
For  example,  he  pave  from  memory  an  account  of  all  the  ale 
or  strong  l>eer  that  he  had  on  free  cost  since  he  was  12  years 
of   age ;  this  list   included   57   different   persons   and  2130 


'  Brirfwei'h»el  zwl«i-h«o  Gaau  untl  Schammcher,  V,  300. 
•  ProceedlDgi,  Civ.  Eng.,  XV,  262. 
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glasees.  **  He  will  leave  a  long  question  half  wrought  and 
at  the  end  of  several  months  resume  it,  beginning  where  he 
left  off,  and  pi-oceeding  regularly  till  it  is  complete.'*' 
Buxton  was  very  slow  and  clumay,  but  extremelj-  accurate  in 
his  calculations,  a  fact  which  shows  that  his  powers  depended 
on  an  accurate  memory. 

Much  the  same  is  relate  of  Fuller.  *'  Though  interrupted 
in  the  progress  of  his  calculation  and  engaged  in  discourse 
upon  any  other  subject,  his  operations  were  not  thereby  in 
the  least  deranged  so  as  to  make  it  necessary  for  him  to  be^pn 
again,  but  he  would  go  ou  from  where  ho  had  left  ofi,  and 
could  give  any  or  all  of  the  stages  through  which  the  calcula- 
tion had  passed.-'^ 

Of  Dase  it  is  related  that,  *'  after  K|>ending  half  an  hour  on 
fresh  questions,  if  asked  to  rojteat  the  figures  he  !>egau  with, 
and  what  he  had  done  with  them,  be  would  go  over  the  whole 
correctly."*  Half  an  hour  iiftcr  using  the  two  numbers  men- 
tioned on  p.  45,  it  was  asked  if  he  rcmembei'ed  them.  *'  He 
instantly  repeated  the  two  numbers  together  (as  a  numlier 
containing  25  figures)  forwards  and  backwards ;  9  quadiillion, 
351  thousand,  738  billions,  etc.''^- 

Of  Colburn  wp  have  no  account  that  represents  him  as 
having  a  good  memory  for  a  long  time,  yet  he,  as  well  as  all 
the  others,  must  have  possessed  extensive  multiplication 
tables  stored  up  indelibly  in  their  minds.  This  is  not  to  be 
confuse*!  with  what  wh  oixlinarily  call  accunwry  of  memory, 
by  which  we  mean  that  u  thing  or  a  nuuil)er  once  seen  is 
always  retained.  We  may,  however,  extend  the  t4>rm  and 
speak  of  acquired  accuracy,  where  the  retention  results  from 
a  proper  impression  ou  the  mind  by  means  of  association  and 
repetition.  Bidder,  and  probably  several  of  the  others,  pos- 
sessed wonderful  memories,  especially  for  figui^es;  the  acqui- 
sition of  such  a  memory  was  duo  to  their  peculiar  training, 


»  Gent.  Mttff.  XXIII,  567. 

•  Geut.  Mng.  XXIV,  251. 

•  ('nluinblRn  CtMHliiel.  Dcr.  21i.  HIM),  No.  31  of  Vol.  XIV, 

•  MttelPs  Uvlug  Age.  LIV,  lS.i7,  p.  fl2. 

'  Ililefwt'cliRel  7,w.  GauMi  und  .Sfhumni-her,  V.  303.  The  notation 
follows  the  i-outlneiitiil  *v«t«'m ;  lu  English  tt  would  be  9  octillions,  351 
septlllionB,  7:18  scztUMonit,  et^\ 
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anfjur^jp^a  SVBpect,  to  a  lack  of  the  ordinary  mind-killiDg 
pto^MiM  found  in  our  schools.  Bidder  says:  "As  regards 
memory  I  bad  in  boyhood,  at  school  and  at  college  many 
opportonities  of  comparing  my  powers  of  memory  with  those 
of  others,  and  I  am  convinced  that  I  do  not  possess  that 
faculty  in  a  reinarkalile  <lt^ree.*  If,  however,  I  have  not  any 
eitnioniinary  amount  of  memory  I  admit  that  my  mind  has 
received  a  degrt»e  of  cultivation  in  dealing  with  figures  in  a 
particnlar  manner  which  has  induced  in  it  a  peculiar  power ; 
I  repeat,  however,  that  this  power  is,  I  believe,  capable  of 
sing  attained  by  any  one  disposed  to  devote  to  it  the  neces- 

ry  time  and  attention.'" 

Although  an  accurate  memory  for  a  long  time  may  not  be 
possessed  by  every  rapid  calculator,  he  must  be  able  to  i-etain 
before  the  mind  with  al)solute  accuracy  the  results  of  the 
various  processes  performed  till  he  has  finished  the  problem. 
This  we  can  pre-suppose  in  the  case  of  every  one  of  the  arith- 
metical prodigies,  and  indeed  it  seems  to  have  been  the  one 
thing  in  which  Buxton  was  superior  to  ordinary  mortals. 

One  secret  of  such  an  accurate  memory  while  performing  a 
calculation,  lies  in  relieving  it  of  uuneces.Hary  burdens.  It 
will  be  noticed  that  the  ready-reckoners  often  divided  a  mul- 
tiplier into  tM'o  factors  and  mnltiplie<l  first  by  one  and  then 
th«  other;  e.  g.,  432  X  56  would  be  432  X  8=3456;  432  and 
8  can  be  now  forgotten  and  3466  x  7=24192;  whei-eas  in  the 
ordinary  way  432  x  6=251*2,  must  1>e  held  iu  memory,  while 
432  X.  50=21600  is  performed,  in  order  that  the  partial 
products  may  be  added  together. 

Tktcrc  are  other  means  used  to  lighten  the  work  of  the 
memory.  Every  one  of  those  about  whom  we  know  anything 
in  this  iH?spect  gave  his  answers  and  probably  did  his  work 
from  left  to  right.'  Colburn's  explanation  shows  how  he 
began  with  the  highest  denominations:  'Hhe  large  numbers 
found  first  are  easily  retained  because  consisting  of  so  many 
ciphei-s. '  ** 


»  Proceedings,  Ov.  Ehr.  XV,  a.^3. 

*  ProicediuK*,  fiv.  Eug.  XV,  25;t. 

*  MeiunlrA,  p.  \\n. 

*  SvK  Memoirs,  p.  180,  100. 


36 


SCRIPTURE  ; 


Bidder  explains  why  beginning  at  the  left  is  easier  and 
necessary.  '*  I  coald  neither  remember  the  figures  [in  the 
ordinary  way  of  multiplying],  nor  conld  I,  anlesi  by  a  great 
effort,  on  a  particular  occasion,  recollect  a  series  of  lines  of 
figures;  bnt  in  mental  arithmetic  yon  begin  at  the  left  hand 
extremity,  and  you  conclude  at  tJie  unit,  allowing  only  one 
fact  to  be  imprepsed  on  the  mind  at  a  time.  You  modify  that 
fact  every  instant  us  the  process  goes  on;  but  still  the  object 
is  to  have  one  fact  and  one  fact  only,  stored  away  at  one 
time.*"  In  doing  the  example  373  x  279,  *•!  multiply  200 
in  300=60.000;  then  multiplying  200  into  70,  gives  14,000. 
I  then  add  them  together,  and  obliterating  the  previous  figures 
from  my  mind,  carry  forward  74,600,''  etc. 

"For  instance,  multiplying  173  X  397,  the  following  pro- 
cess is  performed  mentally: 


100  X   897= 

«'«».700 

70  X   SW= 

r21,(KK>=60,700 

70X     00 

.      s=  6,300=67,000 

70  X       7 

.     =     4[K)=07,490 

3  X  300 

.   =      000-=68,3fi0 

3  X     flO 

.   =      270=«8,6flO 

3  X       7 

.  =        21 

The  last  result  in  each  operation  being  alone  registered  by 
the  memory,  all  the  previous  results  being  consecutively 
oblitcmted  until  a  total  prodnct  is  obtainwl.'" 

In  trying  to  follow  the  method  useil  by  these  men  we  are 
hampered  by  our  inability  to  kei'p  the  hundreds,  thousands, 
etc.,  in  their  proper  places.  When  a  person  asks  you  sud- 
denly bow  many  figures  in  a  million,  can  you  answer  him 
instantly?  In  his  instruction  for  a  ready  computer  Do  Mor- 
gan gives  the  following  nile :  "In  numeration  learn  to  connect 
each  primary  decimal  number,  10 ;  100 ;  1000,  etc.,  not  with  the 
place  in  which  the  unit  falls,  but  with  the  number  of  ciphers 
following.  Call  ten  a  one-cipher  number ;  a  hundred  a  two- 
ciphtr  numljer;  a  million  a  ntx-eipher^  and  so  on/'* 

Various  other  little  helps  were  used.  Bidder  reveals  some 
of  them  :  e.  g.y  **  in  questions  involving  division  of  time,  dis- 
tances, weight,  money,  etc.,  it  is  convenient  to  bear  in  mind 


*  Proceeding*,  Dv.  Eng.  XV,  260. 
■  Procwdlngf.  CMv.  Kng.  XV,  260. 
'  Dc  Morguu,  ElemcDts  of  Arithmetic,  London,  1867,  p.  161. 
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the  number  of  seconds  in  a  year,  inches  or  barley-corns  in  a 
mile,  ounces  and  pounds  in  a  cwt.  and  ton,  pence  and  far- 
things in  a  pound  sterling,  etc.  .  .  .  These  were  always 
ready  for  use  when  they  could  be  applied  with  advantage. 
.  .  ,  Suppose  it  is  required  to  find  the  number  of  barley- 
corns in  587  miles,  the  ordinary  proccRS,  viz.:  1,760  x  587 
X  3  X  12  X  3  =  111^576,960,  when  worked  out,  requires  56 
fignree;  while,  mentally,  I  should  multiply  190,080,  the  num- 
ber of  barley-corns  in  a  mile,  by  587."*  When  we  consider 
that  certain  stock  questions  continually  recur  among  those 
answered  by  the  prodigies,  the  assistance  of  such  facts  is 
apparent.  Safford  always  remembered  the  divisors  of  any 
number  he  had  examined.^ 

Kxtraordinary  as  their  powers  were  these  men  are  not  the 
only  ones  distinguished  for  remembering  nnmbers.  After  a 
whole  day's  i)ublic  sale,  Hortensius  t^ould  tell  from  memory 
all  the  things  sold  and  their  prices.  Niebuhr  could  dictate  a 
whole  rolnnin  of  statistics  from  memory.'  It  is  related  that 
Alex.  Gwin  at  8  years  of  age  knew  the  logarithms  of  all  num- 
bers from  1  to  1000.  He  could  repeat  them  in  I'egular  order 
or  otherwiae.* 

Of  Dirichlet  it  is  said  that  he  possessed  an  "extraordinary 
power  of  memory,  by  means  of  which  he  had  at  every 
moment  completely  before  him  what  he  had  previously 
thought  and  worked  out.''' 

iOuler  bad  a  prodigious  memory  for  everything;  this  gave 
biin  the  power  of  performing  long  mathematical  operations 
in  Ilia  bead.  While  instructing  his  children,  the  extraction 
of  roote  obliged  him  to  give  them  numbers  which  were 
squares ;  these  he  reckoned  out  in  his  head.  Troubled  by 
inflomnia,  one  night  he  calcniated  the  first  six  powers  of  all 


'  Proc.  Civ.  Edk-.  XV,  266. 

•  B«)gn\iH,  XXXVIII,  456. 

•  I.leber,  RenilnUipm-*»  nf  Niebuhr,  Phila.  1835,  p.  46;  al§o,  Lleber*i 
MUoolUneoiH  Writings.  Phllii.  1S81,  I,  74. 

•  BeliCDivU,  XXXVIII,  4fl2, 

•  KuiiiiiWT,  OedAihtnUflrtde    aaf    GtutaT    Peter    I^jeune- Dirichlet, 
BtpnmUbdr.  aua  dem  Abhandl.  d.  Kgl.  Akad.  d.  WUs.  zu  Berlin,  18G0, 
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the  numbers  under  20,  and  recited  them  several  days  after- 
wards.' 

There  is  on  record  the  case  of  Daniel  McCartney,  bom 
1817,  near  Alt.  Pleasant,  Westmoreland  Co.,  Penn.^  as  late 
as  1871  living  in  Salem,  Columbiana  Co.,  Ohio,  who  was  ex- 
amine<l  in  1S70  by  W.  D.  Henkle,  State  CommiHsioner  of 
Public  Schools  in  Ohio.  The  man  showed  a  remarkable 
memory.  Among  other  questions  put  to  him  were  the  fol- 
lowing which  in<liciite  a  power  not  so  great  as  Buxton's  but 
yet  remarkable :  "  Ques.— What  is  123  times  456T  Ans.  (35 
seconds),  56,088.  Multiply  466  by  100;  then  23  by  400; 
then  add  \  multiply  23  by  56  and  add.  Ques. — What  Is  3756 
times  1821  Ans.  (4J  minutes-  He  became  confused),  683,- 
592.  Qoes.— What  is  the  sum  of  26,  67,  43,  38,  64,  62,  87, 
65,  63,  44,  77,  33,  84,  56  and  14t  (One  minute  occupied  in 
calling  the  numbers.)     Ans.  (Instantly)  803."' 

Still  more  remarkable  is  the  case  of  Wallis,  the  mathema- 
tieian.  In  a  letter  to  Thomas  Smith  of  Madalene  College, 
Wallis  tells  his  own  story : 

"  December  22d,  1669. — In  a  dark  night,  in  bed,  without 
pen,  ink  or  paper  or  anything  equivalent,  I  did  by  memory 
extract  the  square  root  of  30000.00000,00000,00000,00000,- 
00000,00000,00000,  which  I  found  to  be  1,77206,08076,68077,- 
29363, yerci,  and  did  the  next  day  commit  it  to  writing." 

*•  February  ISth,  1670. — Joannes  Georgius  Pelshower 
(Regimoutanus  Borussus)  giving  me  a  visit,  and  desiring  an 
example  of  the  like,  I  did  that  night  proi>0}ie  to  myself  in  the 
dark  without  help  to  my  memory  a  number  in  53  places : 
2468135791011121411131516182017192122242628302325272931 
of  which  I  extracted  the  square  root  in  27  places :  15710301- 
6871482805S17152171  proxim^;  whicJi  numbers  I  did  not 
commit  to  paper  till  he  gave  me  another  visit,  March  follow- 
ing, when  I  did  from  memory  dictate  them  to  him. 

Yours,  etc.,  JOHN  WALLLS.'-' 

*  Ealcri  commcDtatlODeB  arithmetlcae  collectne,  PetropoU,  2840; 
tomuR  I,  I^loge  dc  T..  Euler  par  N.  Fusi!,  p.  Xl.IX;  see  also  Conilor- 
cet's  eulogy  of  Euler. 

'  KomaikHble  (  ases  of  Memory,  in  the  Jonroal  of  Speculative  Phll- 
oaophy,  1871,  Vol.  V,  p.  16. 

'  A  copy  of  this  letter  la  to  be  found  In  the  Spectator,  1879,  Vol,  UI, 
p.  Ih 


We  have  here  selected  a  series  beguiiiing  with  Hortensiua 
and  Niebjihr,  who  simply  remembered  uumV)er8,  and  proceed- 
ing to  men  who  used  their  memories  in  calculating  with  as 
much  Bin*ces8  as  Buxton.  None  of  these  men  could  well  be 
placed  among  the  arithmetical  prodigies,  yet  Buxton  seems 
to  have  difiered  from  McCartney  only  In  his  interest  (or 
figures,  whereas  in  Euler  and  Wallis  the  calculating  power 
was  lost  sight  of.  Like  these  men,  Buxton  showed  none  of 
the  rapidity  seen  in  all  the  other  calculators. 

Performing  long  calculations  in  the  head  has  been  compared 
to  blindfold  chess-playing.  When  rapidity  is  left  ont  of  con- 
sideration, as  in  Buxton's  case,  the  same  power  of  memory 
may  perhaps  account  for  both.  Indeed,  Geo.  Bidder,  Q.  C, 
who  possessed  a  strong  power  of  visual  imagery,  is  able  to 
play  two  simultaneous  games  of  chess  without  seeing  the 
board. 

Rapidity  of  Memory. — The  rapidity  of  a  memory  will 
depend  on  the  nature  of  the  various  processes  of  the  mind 
which  make  up  the  phenomenon  called  by  that  name  and  also 
on  the  i-apidity  with  which  these  processes  work.  Our 
power  to  rapidly  commit  a  group  of  objects  or  a  line  of  a 
dozen  figures  to  memory-  and  to  call  it  up  again  instantly, 
depends  on  the  ease  and  rapidity  with  which  we  can  impress 
it  on  the  mind,  on  the  accuracy  with  which  it  is  retained 
and  the  ease  and  rapidity  with  which  it  can  be  reproduced. 
The  accuracy  of  retention,  being  of  course  only  a  manifesta- 
tion of  the  accuracy  of  memorj*,  has  already  been  considered. 

The  ease  and  rapidity  with  which  a  number  of  objects  can 
be  impressed  on  the  memory  seem  limite<i  in  ordinary  per- 
sona to  about  five  at  a  glance.  Before  the  days  of  experi- 
mental psychology  this  was  quite  a  matter  of  dispute,*  but  it 
has  been  in  late  years  definitely  settled.  The  first  experi- 
ments seem  t^o  have  been  made  by  Stanley  Jevons,  who  decides 
that  his  power  does  not  reach  to  five  with  complete  accuracy, 
and  that  the  error  in  estimating  numltcrs  under  such  condi- 
tions, =  1  —  i,  where  n  is  the  number  of  objects.  ^ 

*  Borne  of  th«  oplnlou  &re  given  in  lUmUton's  Leotnrea  on  Meta- 
phytlct.  Vol.  1,  3A3. 
'Hie  Power  of  Numerical  Discrlmlaatlon,  In  Nature,  Tol.  Ill,  281. 
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Prejrw  has  made  sobm  popalar  experinente,  from  which  he 
concludes  that  alter  ptactaee  a  penoD  can  estimate  in  general 
correctly  Qp  to  nine  objeds  seen  for  an  iDstantT  when  these 
objects  are  irregulartj-  grouped,  and  that  aoqualntance  with  a 
symmetric  arraocenent,  as  in  cards  or  dominoes,  raises  the 
limit  to  about  40.'  Cattell  also  made  experiments  on  the 
extent  of  the  fooas  of  eonsckNuneBS,  which  show  that  4  to  5 
nncoanected  impreesaoos  (UneSt  letfeerSf  figures)  can  be  sim- 
nlfeaneonsly  apperceived.  When  these  elements  were  placed 
In  well  known  ^roaps  the  number  rose  to  12  and  15.' 

There  are,  however,  two  processes  to  be  distin^ished,  the 
perception  of  the  objects  and  the  counting  of  them.  Csttell's 
experiments  show  how  many  ran  be  distinctly  apperceived ; 
but  the  power  of  counting  them  may  depend  on  the  mainte- 
nance of  the  apperceived  and  even  the  perceived  objects  in 
the  memory  for  a  sufficient  time.  Wishing  to  know  how  it 
is  possible  to  connt  a  number  of  obje<-t6  seen  for  so  brief  a 
time,  X  exposed  a  few  objects  to  the  view  for  an  instant;  the 
person  observing  had  then  to  tell  how  many  objects  were 
seen.  One  of  the  observers  gave  the  first  number  thought  of 
without  being  able  to  teU  why ;  the  other  always  counted  or 
attempted  to  count  the  objects  from  a  picture  of  them  which 
h&beld  in  his  memory. 

All  the  arithmetical  prodigies  possessed  a  remarkable  im- 
pressibility ;  they  were  able  to  grasp  large  numbers  of  figures 
on  only  once  seeing  or  hearing  them.  Daso,  morever,  has 
given  special  proofs  of  his  power  by  his  experiments  in  rapid 
counting.  *'  When  you  throw  a  handful  of  peas  on  the  table, 
a  casual  glance  is  sulBcicnt  to  enable  him  to  tell  you  their 
number.  He  did  the  same  .  .  .  with  the  points  of  dom- 
inoes at  which  he  gave  only  a  momentary  glance  in  order  to 
tell  their  sum  (117)."*  *'  He  counted  the  letters  in  a  line  on 
an  octavo  and  a  quarto  page  (47  and  63)  after  a  hasty 
glance.'**    Dose's  memory  also  possessed  great  impressibility 

'  CouDtins  Unconsciously.  In  Pop.  Science  Monthly,  XXiX,  p.  231- 

*  Cattell,  T?ychometri80he  Unterpuchungtn,  in  Phlloa.  Studien,  IH, 
121 ;  Wandt,  Phya.  Psychol.  3  Aufl.  H,  247. 

■  Brlf  f  wecbsel  stw.  Gftass  und  Schumacher,  V,  977. 

*  Briefwecbsel  zw.  Oauss  und  .Schumacher,  V,  S02 
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for  figures.  "  Twelve  fijrures  beinj?  written  down  .  .  . 
he  would  ju8t  dip  his  eye  upon  them,  not  resting  on  them 
more  than  half  a  second.  He  would  then  repeat  them  back- 
wards and  forwards,  and  name  any  one  at  command,  as  the 
ninth  or  the  fourth."'  Dage  can  bo  contrasted  with  ordinary 
individuals  in  this  respect.  The  experiments  referred  to  in 
the  AaiEKicAN  Jouknal  of  PsYraoLOGY,  Vol.  n,  607, 
608,  show  that  the  largest  number  of  numerals  that  could  be 
learned  by  once  hearing  them  at  the  rate  of  120  to  the  minutfi, 
was  S.6  for  l>oys  of  19  years.  Evon  Mondeux  required  5 
minutes  to  le^ni  and  retain  a  number  of  24  figures  divided 
into  4  periods,  in  such  a  way  that  he  could  give  at  will  the 
six  figures  in  each  period. 

8nch  quick  apprehension  of  a  numtier  as  Dase's  can  be 
explained  by  gi-eat  impressibility ;  in  which  case  the  visual 
image  would  be  in  such  a  short  time  so  iirmly  and  vividly 
impressed  on  the  memory  that  he  could  turn  away  his  eyes 
and  count  the  peas  or  domino  points  from  a  still  persistent 
image,  just  as  the  person  mentioned  above  did.  The  case 
would  then  be  exactly  like  that  of  Robert  Houdin  and  his 
son.  They  would  pass  rapidly  before  a  toy  shop  and  cast  an 
attentive  glance  upou  it;  a  few  steps  further  on  they  tried 
which  could  descrilje  the  greatest  number  of  objects  seen. 
The  son  often  reached  40,  the  father  30.  An  instance  is  also 
given  in  which  the  son  saw  at  a  glance  and  remembered  the 
titles  of  many  books  of  a  library.  This  power  of  memory 
I  was  not.  a  natural  gift.  Houdin  taught  his  sou  by  laying 
dominoes  l>efore  him  ;  instead  of  letting  him  count  the  points 
the  boy  bad  to  tell  t-he  total  at  once.  In  three  days  he  could 
count  six  dominoes  (fi-ora  15  to  61  points)  and  in  a  short 
time  be  could  give  instantaneously  the  sum  of  a  dozen  (up 
to  106  points.)  In  like  manner  it  is  possible  to  learn  to  com- 
mit a  row  of  figures  to  memory  in  an  instant.  "A  useful 
faculty,  easily  developed  by  practice,  is  that  of  retaining  a 
retinal  picture.  A  scene  is  flashed  upon  the  eye  :  the  memory 
of  it  |>ersiNtvS,  and  details,     .     .  may  be  studied     .     .     . 

in  a  subsequent  vision.'*' 


'  Litteirt  Uy.  Age,  1867.  LIV,  p.  62. 

*  Oalion,  Inquiries  into  Flumac  Faculty,  London,  1883;  p.  107. 
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Arithmetical  Absociatiok.  The  psychology  of  calcu- 
lation is  still  an  unexplor«<l  field ;  yet  for  oar  purpose 
we  can  regard  the  asBociation  of  numbers  as  elemen- 
tary, leaving  further  analysis  for  futui*e  investigation.  The 
process  is  that  which  was  taught  us  in  school ;  we  learned 
to  say  1  and  1  make  2,  1  and  2  make  3 ,  etc.,  1  less  1 
leaves  0,  2  less  1  leaves  1,  eU'.,  1  X  1  =  1,  1  X  2  =  2, 
etc. ;  1  divided  by  1=1,  2  divided  by  1=2,  and  soon  through 
the  re«t  of  Uie  tables.  By  this  means  firm  associations  are 
gradually  established  between  any  two  numbers  up  to  10  (in 
older  boys  often  to  12  and  15)  in  all  of  the  four  relations. 
After  thoroughly  learning  these  associations  we  are  able  to 
"do  sums."  Suppose  we  had  this  example  to  solve:  What 
is  the  sum  of  2571  and  4249 1  The  process  we  go  through  is — 
when  we  write  in  the  order  we  do  it — as  foUows  : 

9  and  1  =  10,  put  down  0,  carrv  1. 

4  and  7  =  11,  and  1  =  12,  put  uown  3,  carry  L 

2  and  K  —    7,  and  1=8. 
4  and  2=    6. 

total,  6  thousand,  S  hundred  and  20. 

Or  take  an  exam]>le  in  multiplication,  e.  ^.,  136  by  43. 
What  do  you  say  to  yourself  while  working  itt 

3  llinee  0  are  18,  put  down  8,  carrv  1 ; 

3  ihnoe  3  are  9,  and  1  are  10,  put  (iown  0,  carry  1 ; 
8  timc<>  1  arc  3.  and  I  are  4 ; 

toUl,  408. 

4  times  6  are  24,  put  down  4,  carry  2; 

4  times  3  are  12,  and  2  are  14,  put  down  4,  carry  1 ; 
4  tinieft  1  are  4,  and  1  are  n ; 
total  M4; 

8; 

4  and  0  are  4 ; 

4  and  4  are  8 ; 

result,  5848. 

This  is  exactly  the  way  in  which  children  in  school  gener- 
ally reckon,  even  when  tbey  have  no  distinct  intention  of 
reckoning  aloud.  I  must  altio  confess  that  although  I  long 
since  left  school,  whenever  my  mind  is  tired  or  distracted  I 
have  to  go  through  the  same  process  and  cannot  pnt  into 
practice  the  various  methods  of  '*  cutting  ofi  "  that  have  been 
since  learned. 

These  '* cut-offs"  are  found  in  all  our  activities,  and  con- 
Bist  in  part  of  a  train  of  thoughts  or  volitions  becoming  less 
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and  less  conscious.  Movem**nt8  which  regularly  follow  cer- 
tain sense-perceptions  have  the  tendency  to  l>ecome  automatic, 
and  to  occupy  Jens  time^  In  like  manner  it  has  been  shown 
that  a  series  of  ideas  can  be  gone  through,  although  one  of 
them  can  sink  below  consciousness  without  destroying  the 
seqnence.'  In  this  way  our  arithmetical  associations  can  be 
enormously  shortened.  In  the  alwve  example  we  shall 
totally  disregard  the  time  used  in  recording  results  mentally, 
and  try  only  to  shorten  the  associations.  Prom  my  own 
eiperien<-e  I  can  say  that  in  the  first  place  for  most  of  the 
associations  I  can  reduce  the  connecting  links  between  the 
numbers  to  an  extremely  small  degree  of  conscionsness,  with 
a  greater  or  less  saving  of  time.  Instead  of  saying  "  plus," 
**le88,"  "by,"  etc.,  1  simply  repeat  the  numbers  and  the 
results,  and  although  I  know  perfectly  what  I  am  doing,  and 
make  no  confusion  among  addition,  multiplication,  eto., 
nevertheless  these  i-elations  do  not  rise  above  a  very  low 
degree  of  consciousness:  "9,  5,  14,"  "9,  5,  4,"  "9,  6,45," 
are  perfe<!tJy  distinct  and  clear,  yet!  do  not  think  consciously 
of  any  of  the  operations  performed.  In  like  manner  various 
connecting  links  can  be  cut  out;  so  that  for  instance,  the 
example  given  above  would  for  me  be  reduced  to 

3,6,18,  1,  8;» 
3,3,9,1.10,1,0; 

4,  8,  24,  2,  4: 
4,3,12,2,14,1,4; 

4.1,    4,  It    B; 

644 

6848* 

'*  The  act  of  addition  must  be  made  in  the  mind  without 

aMlfitanoe ;  you  must  not  permit  yourself  to  say  4  and  7  are 

11,  U  and  7  are  18,  etc."^     '*  Learn  the  multiplication  table 


>  Bn  Waodc.  Phys.  Psych.  3  Anfl.  11,  S19. 

*  Scripture,  Ueber  den  assocUtlTenVerlaofderVor&tellungeD;  Inaug. 
DUa.,  Leipzig,  1891. 

'  In  Bucb  CAitefi  I  always  Imnglue  the  nunit>«r,  «.  a.,  16,  and  then  inke 
•way  the  I.  leaving  the  8,  so  thai  tlie  *' carrying**  occurs  before  the 
'*  patting  down." 

*  In  mfntal  rxainples  I  also  add  from  top  to  bottom,  and  \a  easy  cases 
from  left  to  right. 

*  De  Morgan,  Elements  of  Arlth.,  p.  162. 
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SO  well  as  to  name  the  product  the  instant  the  factors  are 
seen;  that  is,  until  8  and  7,  or  7  and  8  fiuggest  56  at  once, 
without  the  necessity  of  saying,  7  times  8  are  56."'  Of 
course  the  saving  of  time  is  very  gi-eat ;  and  yet  an  educated 
person  can  work  with  just  as  much,  perhaps  more  aceuracyf 
than  in  the  unabbreviated  style. 

Still  anotlier  shoitening  can  t>e  made  ;  by  making  an  effort 
lean  do  '^the  carrying  unconsciously  so  that  in  the  above 
case  T  would  say, 

3,  G,  18,  8, 
and  not  think  of  the  1  until  the  time  for  adding  It  in  occurs. 
As  De  Morgan  remarks,  "don't  nnt/  '  carry  3 '  but  do  it.'* 
Moreover  it  in  not  absolutely  necessary  to  distinctly  mark  the 
end  figure  of  each  paitial  product;  these  products  can  be 
kept  in  memory  and  added  up  afterwards.  The  above  ex- 
ample would  be  carried  out  by  a  person  who  had  good  com- 
mand of  such  a  power  in  somewhat  the  following  manner 
(the  same  figures  denote  that  they  were  operated  upon  before 
tliey  entered  full  consciousness:) 

;, ',  18; 

'   '   9,  ;  10; 

408: 

\  •.  24; 

\',  13,  \  14; 

544; 

ft84S. 

This  shortening  can  in  adding  be  carried  to  such  an  extent 
that  only  the  i-esults  arc  noticed;  e.  (/.j  as  soon  as  a  person 
catches  a  glimpse  of  405  and  54D  he  knows  the  sum.  In  the 
atM)ve  case  the  time  for  associating  the  numbers  with  their 
products  has  become  exceedingly  small ;  as  Bidder  says  most 
of  the  time  is  requii-ed  for  the  registi-ation  of  the  results  on 
the  memory,  and  this  as  was  shown  above  can  in  exceptional 
cases  be  very  small. 

Finally  an  enormous  shortening  can  be  made  if  the  adding, 
subtracting,  multiplying,  etc.,  can  be  done  be/ore  the  num- 
bers iheviHelves  come  into  full  consciouaneas.  Miinsterberg 
has  shown  that  associations  made  in  such  a  low  degree  of 


Ibid,  p.  163. 
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eonsciousness  require  comparatively  little  tiime.'  A  few 
years  ago  I  made  tlie  att^rmiit  to  acquire  this  ability  and  after 
coDaiderable  pi*acti(>e  I  was  able  on  the  sight  of  two  fipirt^s  to 
add  or  snbtract  them  Ix-Jore  thoy  had  attracted  my  full  att-en- 
tion ;  in  other  wordti  while  they  were  yet  in  the  field  of  oon- 
BcionsncHS  they  aroused  the  proper  association  and  the  result 
entered  the  focus  or  consciousness  first. 

We  mifcht  be  tempted  to  carry  the  process  of  *'  cuttingoff ' ' 
consciousness  still  farther,  and  to  say  in  jnst  the  same  man- 
ner as  on  the  sight  of  the  fipnres  X^G  x  43  the  partial  products 
spring  at  once  of  themselves  into  the  mind  of  a  mathematician 
BO  in  exceptional  cases  these  partial  products  might  be  added 
before  they  became  fully  conscious,  bo  that  nothing  but  the 
reflult  apj>ears  ;  a  further  application  of  the  **  cut  off  '■  would 
bring  the  final  answer  to  the  whole  problem  instantly  into 
mind.  To  be  sure  the  testimony  of  the  elder  Bidder  is  against 
this,  but  it  is  only  an  ext^ension  of  the  principle  and  seems 
iwoesaary  to  explain  the  difficulty  of  Colbnm  in  telling  how 
he  did  his  examples.  In  his  early  years  all  he  could  say  wa« 
that  the  problem  was  given  and  the  answer  was  almost  at 
once  there.  It  would  also  help  to  explain  sucli  cases  as  are 
fnmicihed  by  Dane ;  he  had  been  given  the  number 

1*351 7:ta539a7; 
Sclinmacher  mentioned  7.     **A8  soon  as  he  heard  7  he  re- 
peated  the  number 

6646316977489." " 

This  performance  of  processes  before  tJie  factors  became 
fully  consoiouN  would  show  it^self  in  the  flopping  of  the  ans- 
wer into  the  mind  before  the  person  has  thought  out  clearly 
how  it  was  obtained.  Upon  the  involuntary  answers  the 
rapid  calculator  wonhl  have  to  rely ;  if  he  stopped  to  make 
sure  of  each  step  time  would  bo  loist  j  he  must  always  go 
ahead  without  a  question  as  to  whether  he  is  right  or  not. 
The  youuger  Bidder  says,  '•  I  am  certain  that  unhesitating 
confidencf^  is  half  the  battle.  In  mental  arithmetic  it  is  most 
true  that  he  who  hesitates  is  lost."^ 


'  MODirerberg,  BeKr&ge  zor  expcrlmentalcn  Psychologle,  Fr^bmv  % 
lfi90«Heftl. 
*  Brief  wech«el  zw.  Gau«s  uod  5«:huiiiacli«r,  Y  302. 
>SpecUtor,  187!i,  p.  1634. 
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In  still  another  way  it  wonld  !>e  possible  to  save  time.  It 
is  common  practice  to  extend  the  multiplication  table  beyond 
ten  at  least  to  12  x  12.  Here  two  figures  are  multiplied  by 
two  figures.  In  like  manner  it  is  easy  to  learn  the  table  of 
16  or  25  and  with  an  eflort  we  could  undoubtedly  learn  com- 
plete tables  of  mldition,  snbtraction,  multiplication,  diviBion 
up  to  perhaps  30.  '  In  an  example  like  the  following  we 
would  divide  the  nnnil>er  into  periods  of  two  figures  each  and 
operate  directly  with  them : 

2-119X3017 

1»,  17 323 

•U,  U 408 

30,  17 670 

30»  24 720 

7,298,133 

To  get  an  idea  of  the  wonderful  ease  and  rapidity  with 
which  examples  can  be  done  in  this  way  make  use  of  a  multi- 
plication table  reacJiing  to  100  X  100.-  When  moreover  no 
time  is  lost  in  turning  the  leaves  of  such  a  table,  iu  running 
down  a  column  and  rccoi*dlug  the  results  on  paper,  then  a 
XMirson  who  could  hold  such  a  table  in  his  head  ought  to  be 
able  to  answer  many  pi-oblems  iu  less  time  than  even  Dase 
required. 

It  is  really  not  so  difficult  to  obtain  such  a  table  of  the 
products  of  two  figures.  **  I  formerly  knew  an  instructor 
whose  scholars  of  8  to  12  years  of  age,  for  the  most  part  knew 
the  Pythagorean  table  extended  to  100  x  100,  and  who  calcu- 
lated rapidly  iu  the  head  the  proiincts  of  two  uuiulierHof  four 
figures,  in  making  the  multiplication  by  periods  of  two  fig- 
uree."  "  Did  any  of  the  prodigies  possess  such  a  table  t 
Considering  their  enormous  powers  of  memory  it  wonld  be 
almost  unexplainable  if  they  did  not.  ^VJthongh  Bidder 
assert-s  that  he  really  had  no  such  table,  yetMondeux  actually 
possessed  part  of  such  a  table,  and  I  think  we  can  pre-sup- 
pose  it  in  the  case'of  Colburn,  Buxton  and  even  Dase. 

■  "In  my  oploloDf  all  puptU  who  show  n  tolerable  cnpacUy  should 
filowly  commit  tin?  product?  to  menior>'  aa  tar  aa  20  times  30.*'  DeHorgan, 
y;ieinent8  of  Arlllunetk',  Ixmdou,  1857,  p.  25. 

•For  •-■xnm]>Ie,  UnldiVft  MultlplloACton  mid  Division  Tabfe  for  Accoiint- 
antB,  Computers  and  Teiu-hors  in  i\w  Primiiry  Schools;  New  York,  18S0. 

'Lucas,  Le  calcul  et  les  maschlue*  a  calculer,  Assoc.  fraD>;aige pour 
ravanccment  des  aclencea,  PorU,  lSd4,  p.  2. 
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A  number  of  other  rales  by  which  the  processes  of  addi- 
tion, subtraction,  etc.,  can  bo  shortened  are  given  by  DoMor- 
gan  in  his  Element-s  of  Arithmetic,  Appendix  I ;  also  In  Com- 
panion to  the  Almanac  1844  and  Supplement  to  the  Penny 
Cyclopiedia,  article  Computation. 

There  are  also  little  **  kinks"  put  in  praetio*  by  many 
j>eople  of  which  the  ready  reckoners  were  not  slow  to  avail 
themselves,  e.  //.,  multiplying  by  two  cjisy  numbers  and  tak- 
ing the  difference  instead  of  multiplying  by  an  awkward  num- 
ber. In  regard  to  the  e?i:amr)le  given  above  p.  3(>  Bidder 
says  "  I  should  know  at  a  glance,  that 

100  X  I73=«9,900 
aodtbeD  3  X  173  ^       K19 


the  difference  being  68,681."* 

Now*  that  we  have  some  idea  of  how  the  mind  works  in 
solving  arithmetical  problems,  and  of  how  it  shortens  the 
time  required,  let  ua  see  how  the  prodigies  actually  worked. 

Dase,  on  a  test  before  Schumacher,  divided  *'each  number 
into  two  parts,  of  which  one  contains  the  highest  figures  and 
three  zeros,  and  the  otlier  the  thi*ee  lower  figures,  i-eckoned 
lie  4  partial  products  in  his  head,  and  nofed  down  every  time 
Bparately  the  results  with  pencil,  which  he  afterwards  added 
mentally.*'*  As  Gauss  said,  Dase  seems  to  have  depended 
on  his  remarkable  accuiacy  of  memory  and  to  have  possessed 
powers  of  calculation  whiiih  at  lM*8t  were  not  equal  to  those 
of  many  mathematicians.  **  When  he  needs  8^  hours  to 
multiply  two  numbers  each  of  100  figures  in  his  hea<i,  this  is 
really  a  foolish  waste  of  time,  for  a  moderately  practised 
re<'koner  conld  do  the  same  on  paper  in  much  shorter,  iu  less 
than  half  the  Ume.''^'  Gauss,  however,  was  himself  such  a 
wonderful  reckoner  that  judgiug  from  the  standpoint  of  an 
ordinary  person,  he  uudei-esti mated  Dase's  powers. 

Buxton  was  mneh  slower,  as  is  seen  from  the  following : 
1^*  Admit  a  field  423  yards  long  and  383  wide,  what  was  the 
\\     After  I  ha<l  nwl  the  figures  to  him  distinctly,  he  gave 
me  the  true  product,  viz.,  162009  yards,  in  two  minutes,  for 


» I*roce<?dhi8*  Civ.  Eiig.  XV  260. 

•  Briffwei'hsel  zw.  ri4ia4.H  iind  Schuninetier,  V,  M, 

'  Brlefwechscl  zw.  Gauss  und  Schumacher,  V,  300. 
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1  observed  by  my  watch  how  long  every  operation  took 
him.*'"  Ou  paptT  this  is  easily  done  in  twenty  seconds. 
**  Allowing  the  distance  between  York  and  London  to  be  204 
miles,  I  asked  him  how  many  times  a  coach  wheel  turned 
round  in  that  distance,  allowing  the  wheel's  circuniilerence  to 
be  six  yards!  In  13  minutes  he  answered  59,840  times.^'^' 
On  paper  this  retinires  35  seconds.  Tlie  clnnisiness  of  Bux- 
ton's methods  is  phwiomenal.  He  was  required  to  multiply 
456  X  378.     Tliis  he  did  a&  follows  : 

458  X  5  =  2280,  which  X  20  =-  46600; 

45000  X  3  -  i:i6800. 

22S0  X  16  =  34200; 

ISegiMI  +  34300  -  171000; 

450  X  3=  1368; 

171000  +  1368  =  172388.* 

When  Mondeux  had  to  multiply  two  entire  numbers  he 
often  divided  them  into  portions  of  two  fignree ;  he  recog- 
nized that  in  a  case  where  the  factors  are  equal  the  operation 
is  simpler,  and  the  rules  used  by  him  for  obtaining  the  pro- 
duct, or  rather  the  power  demanded  are  precisely  those  given 
by  Newton's  binomial  formula.'*  That  is  to  say,  in  an  ex- 
ample, 2419  X  3017,  he  would  proceed  as  we  have  done  above, 
and  in  a  case  like  2419  x  2419  (or  2419")  or  2419  to  any 
power  he  worke<l  according  to  the  formulas  x*  ^-  2  xy  -f  ;/' 
(t.  e.,  24»  X  [2  X  24  X  19]  +  19"),  a-"  -f  3  ar»y  +  3  xy"  + 
y*,  etc.  **  Guided  by  these  rules  he  could  give  on  the  instant 
the  squares  and  cubes  of  a  multitude  of  numl^ers ;  for  ex- 
ample, the  square  of  1204  or  the  eul)e  of  1006.  As  he  knows 
almost  by  heart  the  squares  of  all  the  entire  numbers  less 
than  100,  the  division  of  the  greater  nurabcirs  into  i>eriods  of 
two  figures  enables  him  to  obtain  their  squares  more  easily."^ 

A  pai-tiiil  account  of  Bidder^s  method's  of  multiplication 
has  already  been  given ;  here  it  is  necessary  only  to  add  a 
few  factjs  left  untouched  and  an  explanation  of  his  ways  of 
extracting  roots  and  finding  factors.  IVIost  important  is  the 
contrast  between   his   multiplication   table,  understood  and 


»  Ont.MftK.  XXI,  ;U7. 

*  Gent.  MHg.  XXI.  347. 

'  Geul.  Mag.  XXIV,  251. 

*  Coinpt«&  reudu!),  XI,  953. 

*  Comptce  reodaSf  XI,  954. 
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made  part  of  himself,  and  the  mechanical  aasociations  of 
most  people. 

**  In  order  to  multiply  up  to  3  places  of  fibres  by  3  figures, 
the  number  of  facts  1  had  to  store  in  my  mind  was  less  than 
what  waj4  requisite  for  the  airquisition  of  the  common  multi- 
piicatioQ  table  up  to  12  times  12.  For  the  latter  it  is  neces- 
sary to  retain  72  facts ;  whereas,  my  moltiplication  up  to  10 
times  10  retjuired  only  50  facts.  Then  I  had  only  to  recollect, 
iu  a^ldition,  the  permutations  among  the  numbers  ap  to  a 
million,  that  is  to  say,  I  had  to  recollect  that  100  times  100 
were   10.000  ;  10   times   10,000   were  100,000,  and  that  ten 

hundred  thousands  made  a  million Therefore, 

all  tbe  machinery  requisite  to  multiply  up  to  3  places  of 

figures  was  restricted  to  68  fafts If  you  ask  a 

boy  abruptly,  "  what  is  900  times  80/*  he  hesitates  and  can- 
not answer,  because  the  permutations  are  not  apparent  to 
him ;  but  if  he  had  the  required  facts  as  much  at  his  com- 
mand as  he  had  any  fact  in  the  ordinary  multiplication  table, 
viz.,  that  10  times  10  =  100,  and  that  900  times  80  was 
nothing  more  than  9  times  8  by  100  times  10,  he  would 
answer  off  hand  72,000 ;  and  if  he  could  answer  that,  he 
woold  easily  say  UOO  times  800  =  720,000.  If  the  facts  were- 
stored  away  in  his  mind  so  as  to  be  available  at  the  instant 
he  would  give  the  answer  without  hesitation.  If  a  boy  had 
that  power  at  his  command  he  might  at  once  with  an  ordinary 
memory  proceed  to  compute  and  calculate  3  places  of 
figures."* 

The  following  gives  an  insight  into  the  rapidity  of  Bidder^s 
aASociatlons :  "Suppose  I  had  to  multiply  89  by  73,  I  shonid 
say  instantly  6,497  ;  if  I  read  the  figures  written  out  before 
me  I  could  not  express  a  result  more  correctly  or  more 
rapidly ;  this  facility  has,  however,  tended  to  deceive  me,  for 
I  fancied  thai  I  possessed  a  multiplication  table  np  to  100 
times  100.  and  when  in  full  practice  even  beyond  that ;  bnt  I 
was  in  error ;  the  fact  is  that  I  go  through  the  entire  opera- 
tion of  the  computation,  in  that  short  interval  of  time  which 
it  takes  me  to  announce  the  result.^'    The  velocity  of  the 


*  Proceedings  Cfv.  Eng.,  XV,  3S9. 
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mental  processes  cannot  be  adequately  expressed ;  the  utter- 
ance of  words  cannot  eqnal  it 

Were  my  powers  of  registration  at  all  equal  to  the  powers  of 
reaaoning  or  execution,  I  should  have  no  difficulty  in  an  in- 
conceivably short  space  of  time  in  composing  a  voluminous 
table  of  logarithms.'*' 

The  least  intellipble  of  all  the  explanations  given  by 
ready  reckoners  is  that  of  Colbum.  His  friends  tried  to 
elicit  a  disclosure  of  the  methods  by  which  he  performed  his 
calculations,  hutfor  nearly  three  years  he  was  unable  to  satisfy 
their  inquiries.  lie  ]>08ii.ively  declared  that  he  did  not  know 
how  the  answers  came  Into  his  mind.^  In  London  he  made 
a  couple  of  explanations.     ''  In  one  case  he  was  aeked  to  tell 

the  square  of  4395:  he  at  first  hesitated, but 

when  he  applied  himself  to  it  be  said  it  was  19,316,025.  On 
being  questioned  as  to  the  cause  of  his  hesitation,  he  replied 
that  he  did  not  like  to  multiply  four  figures  by  four  figures; 
but»  said  he,  I  found  out  another  way :  I  multiplied  293  by 
293,  and  then  multiplie<l  this  product  twice  by  the  number 
16  whicb  produpcd  the  same  result.  On  another  occasion, 
when  asked  the  product  of  21,734  mnltiplied  by  643»  he 
immediately  i-eplied,  11,801,562;  but,  upon  some  remark 
being  made  on  the  subjet^t,  the  child  said  that  he  had,  in  his 
own  mind,  multiplied  65,202  by  181  [21734  x  (181  X  3)  = 
(21734  X  3)  X  181]. "» 

Finally,  it  is  worthy  of  remark  that  the  attempt  has  been 
made  to  teach  the  performance  of  long  multiplications  without 
writing  more  than  the  problem  and  the  answer.  Although 
the  method  projiosed  is  undoubtedly  not  the  beet,  yet  it  sug- 
gests the  possibility  of  inventing  a  practicable  school-method. 
For  example,  multiply  in  one  line  2681475  by  93165.  Num- 
ber the  figures  with  indices  oa  shown : 

3681476 

4191  0 

031(15 


11  letRTSitai] 

249619618375 


^  Prooeedhiga  Cir.  Eog.  XV,  355. 

'  Memoiri,  p.  39. 

'  Annlectic  Hag.  I,  ISU. 
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Tlaoe  tlie  product  of  any  two  fibres  in  that  place  of  the 
result  which  has  an  index  equal  to  the  sum  of  the  indices^ 

0  1 

of  course  adding  in  any  carried  numbers.  Thus,  5x5  =25  ; 
the  sum  of  their  indices  being  1  the  5  goes  in  the  first  place. 

(5  X  7)  4-  (6  X  5)  4-  2  =  67 ;  the  7  goes  in  the  second 

place.  (6X  4)4-  (6  X  7)  -f  (1  X  5)  -f-  6=73;  theSffoesin 
the  3rd.  place,  etc.  Such  a  method  of  multiplication  would 
undoubtedly  be  of  assistance  in  training  the  ability  for  men- 
tal calculation.  Of  course  we  do  not  advocate  an  attempt  at 
doing  such  enormous  problems  wholly  In  the  mind,  but 
shorter  ones  can  l>e  easily  learned  to  great  advantage.  We 
should,  however,  take  a  few  hints  from  Bidder,  Safiord,  Col- 
burn,  cf  al.  Supposi^  we  ha<l  379  X  42.  Let  us  mentally 
index  the  numbers  as  above ;  then  4  X  3  =  12,  which  belongs 

in  the  4th  place.     3  X  2  ;=  6 ;  add  this   on    to  the 


S7» 
i« 
43 


«•  1 1 

la 

IM 

1554 
1500 
U»16 


other,  126.     4  X  7  =  28;  add  to  126=154.     7X2= 
14 


addon  to  154^=1554.     4  x  9=36;  add,  —  1590. 
9  X  2=18  ;  add  on, =15918,  Ans. 

Mentally  the  figures  would  not  l>e  repeated,  but  as 
Bidder  explains,  the  first  obtained  result  would  be 
modified.  Aa  a  help  in  learning  to  keep  the  correct  places,  a 
card  with  several  numbered  compartments  might  be  placed 
before  the  eyes,  at  first  actually,  then  mentally  ;  thus, 

8    7     6    0    4    3     2    1 


For  paper  or  slat«^  this  of  course  requires  more  time  and 
figures;  but  mentally  such  a  process  is  quite  possible, 
whereas  the  ordinary  way  of  multiplying  3  figures  by  2 
figures  is  absolutely  impossible  to  an  ordinary  person.  With 
practice  boys  of  ndvaniwd  classes  could  undoubtedly  be 
taaght  to  multiply  even  3  figures  by  3  tigun^s  in  the  head. 

B.  A.  Proctor,  using  Col  burn  as  an  illustration,  explains 
the  feats  of  calculating  boys  by  an  increased  power  of  pictur- 
ing a  number  as  so  many  things  and  of  modifying  this  picture 
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according  to  the  operatioD  to  be  performed.  >  24  would  be 
prenented  aa 


I!  24  were  to  be  multiplied  by  three  all  that  is  necessary  is 
to  picture  three  seta  of  dots ;  then  to  conceive  the  imperfect 
columns  brought  together  on  the  right,  giving  six  columns  of 
ten  and  three  columns  each  of  four  dots ;  and  these  three 
give  at  once  (by  heaping  them  up  properly)  another  column 
of  ten  with  two  over :  in  all  seven  columns  of  ten  and  one  of 
two, — that  is,  aevcnty-two.  Proctor,  who  remarks  that  *'aU 
good  calculators  have  the  power  of  picturing  numbers  not  aa 
represented  by  such  and  such  digits,  but  as  composed  of  80 
many  things/'*  and  who  once  possessed  this  power  in  no  in- 
considerable degree,  says  of  this  example  that  it  "takes  long 
in  writing,  but  as  pictured  in  the  mind*8  eye,  the  three  sets 
representing  24  formed  themselves  into  the  single  set  repre- 
senting 72  in  the  twinkling  of  an  eye/'* 

The  suggestion  is  ingenious  but  it  is  only  a  suggestion. 
Unfortunately  for  Proctor's  attempt  to  explain  how  the  ready- 
reckoners  reckoned,  several  of  them  have  given  extended 
accounts  of  the  processes  emi>loyed  by  them.  The  appen* 
dices  to  Colbum'w  Jlcmoira  (of  which  Proctor  did  not  know, 
for  he  snySf  *'  if  Colburn  had  retained  his  skill  until  he  had 
acquii*cd  jwwer  to  explain  his  method,  otc.^')  give  an  account 
of  his  methods  of  multiplying,  extracting  roota^  etc.,  which 
flatly  contradicts  Prot^tor's  explanation.  Id  regard  to  Bidder 
PiMcloi*  aft*'rwanls  udiuits  that  there  was  no  room  to  doubt 
tiiHi  his  proci«8se»  of  ntontal  aritJinietio  were  commonly  only 

*  Cornhlll  Mag.  XXXII,  p.  163;  8ul»)oe  Byways,  p.  348. 

*  ItrlKnivU,  XX  Will,  p.  4A1. 

*  ionililll  MNg.,  XXXII,  p.  103;  »c\9uet  Bymvii,  p. 350. 


modifications  of  the  usual  processes. '  Proctor  arrived  at 
this  opinion  on  the  evidence  furnished  by  persons  who  bad 
known  Bidder  (Bidder's  own  account  was  unknown  to  him). 
It  is  quite  a  confirmation  of  the  theory  of  rapid  calculation 
I  have  proposed,  to  find  that  the  explanation  of  Bidder's 
powei-s  advanced  by  Proctor  is  contained  as  one  of  the  parts 
of  my  explanation,  which  is  founded  on  the  first  hand  evi- 
dence of  Colbum,  Bidder,  Dase,  etc. 

Among  the  other  mathematical  operations  in  which  the 
prodigies  distinguished  themselves  more  or  less  is  the  extrac- 
tion of  roots  of  nnmbers.  In  the  first  place  It  is  to  be 
remarked  that  Buxton  knew  nothing  of  this  operation,  and 
on  the  one  occasion  on  which  such  a  problem  was  given  him 
he  succeeded  only  approximately  after  a  long  time,  appar- 
ently by  running  over  the  squares  of  various  numbers  till  he 
found  the  one  nearest  to  Uie  given  square.*  Dase  liked  to 
extract  the  6th  root,  *'  because  he  had  noticed  that  in  the  fifth 
power  the  units  are  the  same  as  in  the  root.  I  saw  that  with 
our  system  of  nnmbers  the  (4  ii  -f  1)  power  has  the  same 
units  as  the  root,  a  rule  of  which  his  is  only  a  single  case 
(for»=l)"^ 

In  an  appendix  to  his  Memoirs,  Colbiun  attempts  to 
explain  his  methods  of  finding  square  and  cube  roots  and  of 
factoring.  His  rule,  first  formulated  two  years  after  he 
began,  was  as  follows:  Find  a  uuml>er  whose  square  ending 
with  the  last  two  figures  of  the  given  square  j  then,  when  the 
given  Sfinare  consists  of  five  places,  what  number  squared 
will  come  nearest  under  the  first  figure  (when  6  places,  then 
the  first  two  figures,  when  7,  the  first  3,  etc.)  of  the  given 
square.     For  example : 

Whnt  U  ytt2,41(J  ? 

1.  >Mut  numt>cr  :>qu!irod  <ind4  ill  Ifi?    Aiif).  (U. 

2.  What  number  i^quared  comes  next  Co  0?    Ana.  3. 
Square  root,  304. 


1.     What  number  cubed  ends  in  89T    Adb.  07. 
S.    What  number  cubed  comee  neareettoS^?    Ana.  5» 
Cnbe  root,  M7. 


'  Belgravla,  XXXVIH,  p.  456. 
"  Gent.  Mag.  XXIII,  p,'557. 

'  Brief wechsel  2w.  Oauss  und  Schumacher,  V,  382. 
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Colbnm  gives  a  table  of  the  nambfirs  wliich  squared  pro- 
dnce  any  given  termination ;  to  each  termination  there  are 
four  possible  roots  (to  26  there  ai-e  10)  from  which  he  must 
choose;  e.  tj.  a  number  ending  in  16  can  have  one  of  ihe 
roots  04t  54,  46,  or  96.  **  It  is  obvious  that  it  requires  a 
good  share  of  qnickness  and  discernment,  in  a  large  snm,  to 
see  which  of  the  four  roots  ....  is  the  right  one.''* 
The  table  for  cube  roots  is  very  much  simpler.  These 
methods  are  of  use  only  when  the  given  number  is  an  exact 
square  or  cube.  Both  depend  on  the  last  two  figures,  and  & 
person  would  ^'prolmbly  greatly  confuse  the  calculator  by 
merely  adding  a  small  numlx^r  to  the  square  or  cube.'" 
Nothing  ever  excited  so  much  surprise  as  the  facility  with 
which  Bidder  extracted  square  and  cube  roots.  "Yet  there 
is  no  part  of  mental  calculation  for  which  I  am  entitled  to 
less  credit.  In  fact,  it  is  a  mere  slight  of  art."  "Nearly 
every  example  proposed  to  me  was  a  true  square  or  cube; 
hence  I  hit  upon  the  following  expedient.  ...."• 
He  then  gives  a  method  exactly  like  that  of  Colbum. 

It  is  not  necessary  to  enter  into  the  que.stion  how  the 
protligics  found  the  factors  of  numbers.  Oolbum'a  process 
is  found  in  eiiten^o,  on  p.  183  of  his  Memoirs.  It  is  clumsy 
and  involved ;  he  himself  allowed  it  to  t>e  a  *'  drag  of  a 
method."*  Bidder's  methods  are  explained  on  pages  272, 
273  and  274  of  Vol.  XV  of  the  Proc.  Civ.  Eng. 

There  is  one  other  characteristic  of  the  association  of 
numbers  that  me<;ts  us  in  some  of  the  persons  Tinder  con- 
sideration, namely,  the  firmness  with  which  long  .scriKS  of 
ai-itlimetical  associations  cling  together.  This  is  seen  in  the 
independence  of  a  process  of  reckoning  among  otlier  activi- 
ties and  other  processes  of  reckoning.  Of  Moudeux  we 
read  that  his  thoughts  were  as  strongly  directed  to  the  arita- 
meti(!al  operation  he  had  to  iMjrform  as  if  he  wore  completely 
JBolate<l  from  his  whole  environment/*  Buxton  wouM  talk 
freely  whilst  doing  his  questions,  it  being  no  molestation  or 

>  Memoirs,  p.  161. 

*  Hamilton's  letter  in  Graves*  Life  of  Sir  Wm.  R.  Hamilton,  p.  78. 

*  Proceeding's  Civ.  Knj;.  XV,  p.  2SG. 

^  Graves,  Life  of  Sir  Wni.  R.  Hainilloo,  p.  78. 

*  Comples  rendoB,  XI,  p.  956. 
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hindranoe  to  him. '  **  He  would  suffer  two  people  to  propose 
different  questions,  one  immediately  after  another,  and  give 
each  their  respective  answers  without  the  least  confusion. "• 
In  this  not  so  very  uncommon  abilitj'  of  doing  two  things  at 
once  the  mathematicians  seem  to  be  specially  favored. 
Uirichletr  for  example,  says  '^  that  be  established  the  solution, 
of  one  of  the  diflieult  problems  of  the  theory  of  numbers, 
with  which  he  had  for  a  long  time  striven  in  vain,  in  the 
Sixtine  Ohapel  in  Rome  while  listening  to  the  Easter  music."* 

Mathematioal  Inclination.  The  peculiar  fascination 
for  performing  arithmetical  calcuhitions  is  sometimes  a  source 
of  ple^tsure  in  itself ;  a  disfcingnisluHl  savant  during  a  public 
meeting  undertook  the  multiplication  of  two  long  lines  of 
figures  and  explained  his  action  by  ' '  the  pleasure  it  would 
give  him  to  prove  his  calculation  by  division/'*  At  the 
sight  of  figures,  geometrical  diagi-ams,  and  above  all,  algebraio 
formulas,  }-oung  Galois  was  seized  with  a  veritable  passion 
for  the  abstract  truths  hidden  behind  these  symbols.' 

Even  after  Safford  had  lost  his  powei'S  he  continued  to 
find  pleasure  in  taking  large  numbers  to  pieces  by  dividing 
them  into  factors,  or  in  satisfying  himself  that  they  were 
piime."  The  younger  Bidder  remarks,  '*  With  my  father  as 
with  myself  the  mental  handling  of  numbers  or  playing  with 
figures  affonled  a  positive  pleasure  and  constant  occupation 
of  leisure  momenta.  Even  up  to  the  last  year  of  his  life  my 
father  took  delight  in  working  out  long  and  difiicult  arith- 
metical and  geometrical  problems.*" 

In  regai-d  to  special  inclination  to  mathematics  and  its 
relation  to  ability  for  calculation,  and  also  to  other  abilities, 
great  diversity  is  shown  by  the  persons  we  have  considered. 
They  can  be  variously  groui>ed  : 

1.  Those  haling  strong  mathematical  inclinations  with 
great  powers  of  uientAl  calculation  (not  necessarily  rapid): 

*  G«Dt.  MAg.  XXI,  p.  347. 

*  Gent.  Majf.  XXI,  p.  61. 

*  Kurnmer,  GtMiflfhtnisirecle,  etc.,  p.  34. 

*  l^loge  d'  Amp^^re,  SinirhHODlan  Itcport,  1873,  p.  113. 

*  MAgmalD  pluorccquo,  1848,  t.  XVI,  p.  227, 


•  BelgraTin,  XXXVIII,  p.  WU. 

*  Spectator,  1878,  p.  1634. 


56 


BCBIPTURE ; 


here  we  shonld  include  nearly  all  arithmetical  prodigies, 
althoufi^h  Colburn  took  no  satisfaction  la  answering  questions 
by  the  mere  operation  of  mind  ;  unless  questioned,  his  atten- 
tion vas  not  engrossed  by  it  nt  alt ;  the  study  of  arithmetic 
was  not  particularly  interesting  to  him,  but  it  afiorded  a  very 
pleasing  employment.*  Nevertheless,  the  fascination  for 
calculation  was  in  some  cases  overpowering.  Qauss  consid- 
ered mathematics  the  queen  of  the  sciences  and  arithmetic 
the  queen  of  mathematics  ;  Buxton  had  neither  eyes  nor  e-ars 
for  anything  else,  and  Mondeux  and  Dase  greatly  resembled 
him. 

Con-esponding  to  this  class  we  might  point  out  more  than 
one  distinguished  mathematician  who  had  not  the  ability  to 
calculate  ;  indeed,  it  would  not  be  going  too  far  to  say  that  nine 
outof  ten  matliematicians  have  at  least  no  liking  for  reckoning. 

2.  Those  with  iuolination  and  ability  for  mathematics, 
including  arithmetic:  Nickomachos,  Gauss,  Ampferc,  Safiord, 
Bidder. 

3.  Those  with  special  inclination  and  ability  for  arith- 
metic alone ; 

a.  having  had  no  opportunities  for  other  branches  of 
mathematics  :  Fuller,  Buxton,  Mangiamele  ; 

b.  in  spite  of  opportunities:  Colburn,  Dase,  Mondeux. 

c.  where  the  talent  disappears  before  opportunity  for 
development  is  possible  :  Whately. 

Mathematical  PEEOcx^rTY.  "  Tliere  are  children,  I 
know,'*  says  Arago,  '•  whose  apathy  nothing  seems  able  to 
arouse,  and  others  again  who  take  an  interest  in  everything, 
amuse  themselves  with  even  mathematical  calculations  with- 
out au  object.'"  There  are  still  others  more  seldom  than 
either  of  these  classes,  who  conhne  their  interest  to  mathe- 
matical calculations  alone.  Strange  as  the  fascination  for 
arithmetic  seems,  it  becomes  still  more  so  when  it  is  mani- 
fested at  an  age  at  which  it  is  normally  absent ;  strangest  of 
all  i.H  tlie  union  of  ability  to  the  inclination. 

Hamilton  included  calculation  in  an  all-sided  precocity;' 


*  Memoirs,  p.  69. 

"  Oravea.  lite  of  Sir  Wm.  R.  Uamllton,  Dublin. 
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Tasca]*8  ability  was  for  geometry/  as  was  also  Clairant's.* 

With  Whately,  Colburn,  Bidder,  Mondeux  and  Mangiaraele 

the  precocity  showed  itself  alone  in  calculation ;  the  same  is 

true  for  Gauss's  first  years.     Ampfere  and  Safford,  however, 

resemble  Hamilton  in  showing  inclination  and  ability  for  the 

most  varied  parsnits ;  the  difference  bein^  that  the  mafche* 

matical  side  showed  itself  in  Hamilton  after  the  philological. 

Special   precocity  in  calculation  showed  itself  (as  far  as 

oar  knowledge  goes)  at  the  following  ages  : 

Obu88,  3,  Prolongeau,  0}, 

Whately,  3,  lUdrfor,  10. 

Ampere,  betweea  3  and  5,  31undeux,  10, 

Mafford,  6.  Maoglamele,  10, 
Colburn,  6. 

Tt  is  remarkable  that  in  nearly  every  case  (possibly  with 

the  exception    o(   Colburn  and   Whately)   the  arithmetical 

prodigies  showed   rather  an  extraordinary  ability  to   learn 

calculation,  not  an  ability  to  calculate  before  learning, 

iMAOUf  ATION.  One  peculiarity  in  the  imaginative  powers  of 
the  arithmetical  prodigies  is  worthy  of  remaik,  namely  their 
▼isQid  images.  Bidder  said,  *'  If  I  perform  a  sum  mentally  it 
always  proceeds  in  a  visible  form  in  my  mind ;  indeed,  I  can 
conceive  of  no  other  way  possible  of  doing  mental  arithmetic." 
This  was  a  special  case  of  his  vivid  imagination.  He  had 
the  faculty  of  carrying  about  with  him  a  vivid  mental  picture 
of  the  numbers,  figures  and  diagrams  with  which  he  was 
occupied,  so  that  he  saw,  as  it  were,  on  a  slate  the  elements 
of  the  problem  he  was  working.  He  had  the  capacity  for 
Beeing,  as  if  photographed  on  his  retina,  the  exact  figures, 
whether  arithmetical  or  geometrical,  with  which  he  was  occa- 
pied  at  the  time.  This  faculty  was  also  inherited,  but  with  a 
very  remarkable  difference.  The  younger  Bidder  thinks  of 
each  number  in  its  own  definite  place  in  a  number- form,* 
when,  however,  he  is  occupied  in  multiplying  together  two 
large  numbers,  his  mind  is  so  engrossed  in  the  o]>eration  that 
the  idea  of  locality  in  the  series  for  the  moment  sinks  out  of 
prominence.*  Is  a  nuiiil)er  form  injurious  to  (^Icnlating 
powers!     The  father  seems  to   have  arranged  and   used  his 

'  Vie  de  Pjuca)  par  Mnne.  Perfer. 

•  Nouv.  Ann.  de  Math,.  Pari*,  ISftl,  V^f^  aerie.  XX,  Bulletin,  p.  fiO, 

*  Plate  r,  Fif?.  20,  la  Ualton's  InqufrleA  tato  Human  faculty. 
■  GaltOD,  luquirlea,  etc..  p.  134. 
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figures  as  he  pleased  ;  the  aon  seems  to  be  hindered  by  the 
tendency  of  the  figures  to  take  special  places.  It  would  be 
interesting  to  know  i(  the  grandchild,  who  possesses  such  a 
vivid  imagination  and  in  whom  the  calculating  power  is  still 
further  reduced,  also  possesses  a  nnmber-form.  The  vivid, 
involuntary  visualizing  seems  to  indicate  a  lack  of  control 
over  the  iuagiuutioD,  which  i>ossibly  entends  to  figures,  and 
this  perhaps  makes  the  difference. 

Colbum  said  that  when  making  his  calculations  he  saw 
them  clearly  before  him. '  It  is  said  of  Buxton  Uiat  he  pre- 
served the  several  processes  of  multiplying  the  multiplicand 
by  each  figure  of  the  U>wer  line  in  their  relative  order,  and 
place  as  on  pai>er  until  the  final  product  was  found.  From 
tliis  it  is  reasonable  to  supiK)sc  that  he  preserved  a  mental 
image  of  the  sum  before  him. 

Of  the  other  calculatoi*s  wo  have  no  reports.  Children  in 
general  do  tlieir  mental  problems  In  this  way.  Taine  relates 
of  one,  that  he  saw  the  numbers  he  was  working  with  as  if 
they  had  been  written  on  a  Hlate. 

The  well-known  c^ise  of  Goethe's  phantom,  the  case  of 
Petrie,  who  works  out  sums  by  aid  of  an  imaginary  sliding 
rule,  the  chessplayers  who  do  not  see  the  boanl,  et«.,  are 
instances  of  the  power  of  producing  vivid  visual  imagina- 
tions that  can  be  altered  at  will. 

III. 

Can  we  learn  anything  of  practical  use  from  the  prodigies! 
The  following  points  suggest  themselves  for  consideration : 

1.  Bidder,  Safford  and  the  African  brokers  all  speak  for 
the  fact  that  under  cultivation  the  power  of  mental  calcula- 
tion could  be  grtktly  developed  ;  the  immense  saving  of  time 
in  school  and  afterwards  that  would  result  from  an  ability  to 
shorten  the  associations,  to  use  a  multiplication  table  of  two 
figures,  aud  above  all  to  register  mentally,  is  sufficient  to 
justify  a  trial. 

2.  Fuller.  Ampei-e,  Bidder,  Mondeux,  Buxton,  Gauss, 
Whately,  Colburu  and  Saflord  learned  nmnbers  and  (heir 
values  before  tigui-es,  ju.st  as  a  child  learns  wonis  and  their 
meanings  long  before  he  can  read.  Bidder  declares  emphati- 
cally, "The  reason  for  my  obtaining  the  peculiar  power  of 

'  Med.  aDd  Phllos.  Journal  and  Keview,  New  Turk,  1811,  p.  2a. 
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dealing  with  numbers  may  be  attribnted  to  the  fact,  that  I 
understood  the  value  of  numbers  l>efore  I  knew  the  symboli- 
cal fignreB In  consequence  of  this,  the  numbers 

have  always  had  a  siKnifit^ance  and  a  meaning  to  me  very 
different  to  that  which  fipurcH  convey  to  childi-eu  in  general.'" 

3.  Ampt?re,  Bidder  and  Mondeux  learned  their  arithmetic  "\ 
from  pebbles.  Arago  says  of  Ampere,  '*  It  may  be  he  had  ^ 
fallen  upon  the  ingenious  method  of  the  Hindoos,  or  perhaps 
his  pebbles  were  combinetl  like  the  corn  strung  upon  parallel 
lines  by  the  Brahmin  mathematicians  of  Pondiche'ry,  Calcnttfl 
and  Benares,  and  handled  by  them  with  such  j-apidity,  pre- 
ci«ion  and  accuracy.'* 

The  Roman  ahacits,  the  Phinese  mi^anpan  and  the  Buccess 
of  the  niinieralframeK  used  in  our  primary  schools,  seem  to 
point  to  the  fact  that  it  is  best  to  teach  *'  calculation"  (i.  e., 
'*  pebblin;;'*  from  Tjat.  calculi^  pebbles),  before  "  ciphering." 
The  Arabic  tnaphara,  cipher,  means  empty  ;  Arabic  numera- 
tion, however,  was  considered  mysterious  by  the  jieople  of 
the  middle  ages,  and  remains  mysterious  to  many  a  child  of 
today:  to  the  former  (and  al.so  not  seldom  to  the  latter) 
"ciphering"  meant  a  secret  and  nnintelligible  process.  If 
we  could  do  away  with  the  mystery  of  calculation  perhaps 
the  values  of  nnmbers  and  the  tables  might  become  then  so 
indeJibly  fixed  in  the  minds  of  children  and  so  ea«y  of  appli- 
cation that  they  also  could  do  long  *'  sums ''  mentally  or  even 
caiTy  tbe  two-figure  multiplication  tables  in  their  heads. 

4.  Dase's  jwwer  of  quick  apprehension  suggests  the  ex- 
tension of  the  training  sometimes  attempted  in  schools,  in 
which  a  slate  with  letters  or  figures  is  shown  for  an  instant 
to  the  scholars  who  are  then  required  to  tell  how  much  they 
recogni)'^]. 

In  conclusion  it  is  necessary  to  express  my  obligations  to 
President  Hall  and  to  Dr.  de  Perrot.  To  Dr.  de  Perrot  of 
the  Mathematical  Deiwirtment  of  this  University,  credit  must 
be  given  for  proposing  the  subject,  for  a  large  part  of  the 
references,  and  for  numerous  valuable  snggestions  and  points 
of  information. 


Proceeding*  Civ.  Eng.  XY,  356. 
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in. — EXPEKIMEXTS   AT  ClABK   UNIVERSITY. 

In  October,  1889,  I  waa  requested  by  the  instroctor  in- 
Psychology  at  Clark  X'niverKity  to  investigate  the  apparently 
contrailictory  results  obtained  by  various  experimenters  re- 
garding the  CoDKtant  Error  of  Time-jodgmentfi.  As  a  pre- 
liminary, the  methods  of  previous  experimenters  were  tested, 
until  alter  several  weeks,  a  single,  and  i>erhap8  erucial  point 
seemed  to  stand  out  as  the  prox>er  question  upon  which  ta 
concfntrale  investigation,  namely,  the  effeet  upon  our 
estimation  of  any  partieular  interval  of  previous  sustained 
exercise  or  practice  upon  some  other  interval.  A  long  series 
of  experiments  was  then  regularly  undertaken  which  lasted 
several  hours  daily,  for  a  period  of  over  nine  months  of 
actua]  experimental  work.  27  persons  were  tested  ;  over  600 
"sittings,"  or  series  of  reproductions  were  made,  comprising 
a  total  of  approximately  50000  single  judgments  recorded. 
Five  lengths  of  interval  were  chiefly  used,  namely:  .26,  .60, 
.76,  1.25,  1.75,  seconds.' 

ApparaUm :  Aitcr  trying  different  metronomes  in  various 
ways,  these  wore  abandoned  afi  inaccurate.  Previous 
to  beginning  our  regular  experiments  a  nearly  perfect 
instrument  for  beating  time  was  found  in  a  pendulum  con- 
structed as  follows  :  A  stiff  bar,  thin  but  wide,  and  five  feet 
long,  swung  upon  knife  edges  projecting  from  opposite  sides 
a  little  above  the  middle  of  the  length  of  the  bar,  and  renting 
upon  smooth  metal  plates,  was  supported  by  firm  frame-work. 
Upon  each  end  of  the  bar  was  a  heavy  *  bob  *  or  weight  whicJi 
could  be  slid  up  or  down  and  fastened  with  a  spring  and 
clamp- screw  at  any  distance  from  the  point  of  support. 
With  the  first  pendulum  made,  any  length  of  interval  could 


'  As  before,  the  unit  throughout  ihlfl  sectioo  la  one  tecoDd,  except 
where  Bpeciflcally  atated  to  the  contrary. 


be  obteincd,  by  proper  adjustment,  from  half  a  second  to  two 
seconds,  beyond  which,  beats  conid  bo  regularly  omitted  from 
the  electric  circoit  to  be  described,  thas  secnring  intervals  of 
any  length  desired.  The  lower  end  of  the  pendulum-rod  bore 
a  platinum  needle  that  at  each  swing  made  electric  connec- 
tion, at  the  centre  of  the  pendulum  arc,  with  a  mercury  me- 
niscus. This  pendnlnm.  once  set  in  fnll  swing  by  the  hand, 
would,  for  medium-length  intervals,  preserve  regular  beatfi 
for  a  far  longer  time  than  any  single  set  of  experiments,  with- 
out any  discoverable  variation  whatever.  Great  care  was 
taken  at  each  change  of  the  interval  to  adjust  the  '  bobs  '  and 
mercury  contact  so  as  both  to  make  the  interval  of  exactly 
the  stated  length,  and  the  back  and  forth  swings  precisely 
equal,  these  being  the  two  matters  needing  the  nicest  adjust- 
ment in  all  pendulum  motion.  The  pendulum  was  Introduced 
into  the  same  electric  circuit  with  an  ordinary  telegraph  key,  a 
telegraph  sounder,  and  a  Deprez  signal  which  wrote  on  the 
dram  of  a  JLudwig  kymograph  with  automatic  spiral  thread  for 
the  revolving  d  rum.  Another  Deprez  signal  wrote  the  vibrations 
of  a  tuning  fork  n]>on  the  same  drum,  by  means  of  a  separate 
oirooit  and  a  Konig  contact.  For  adjusting  the  intervals  and 
beats  for  the  first  time,  a  fork  of  100  double  vibrations  was 
used  ;  the  adjustment  was  extended  tbrough  one  hour,  until 
a  beat  was  secured,  the  sum  of  whose  error  was  indistinguish- 
able for  that  space  of  time,  and  therefore  the  error  for  any 
set  of  eii)eriments  practically  zero.  Two  other  pendulums 
were  also  made  for  shorter  intervals,  one  of  them  giving 
quarter  seconds.  Any  two  of  these  pendulums  (!Ould  be  in- 
troduced into  different  loops  of  the  same  circuit,  and  each 
being  adjusted  to  a  different  interval,  either  of  the  intervals 
could  by  means  of  a  bridge,  be  sent  through  the  same  sounder 
ot  the  will  of  the  operator  and  without  stopping  either  pendn- 
lnm ;  or  again  at  will  both  pendulnms  could  be  cut  out  of  the 
circuit  altogether.  The  reproductions  or  judgments  of  the 
person  undergoing  exx>erimentation  were  expresse<l  by  a 
slight  movement  of  the  finger  npon  an  electric  key  that,  by 
another  Deprez  signal  in  a  separate  circuit,  recorded  the 
Judgment  npon  the  kymograph  drum.  Thus  during  each  set 
of  experiments  three  electric  signals  with  points  arranged 
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over  one  another,  precisely  in  the  same  line  at  ri^htrangles  to 
the  motion  of  the  drum^  continuously  wrote  their  Beparate 
records  as  follows :  Number  ono  recorded  the  vibrations  of 
a  tuning-fork  ;  number  two,  the  boats  of  whichever  lenjjth  of 
inten'al  the  subject  was  hearing  from  the  peudulura  sounder  ; 
and  number  three,  the  judgments  of  this  interval  expressed  by 
ttiQ  sabject.  The  tracin^^  on  the  drum  were  '^  fixed'*  and 
preserved. 

Aa  above  stateil  the  length  of  the  reproduction  was  meas- 
ured by  tuning-fork  vibrations  written  upon  tlie  drum ;  for 
all  the  exi>eriment6  except  those  of  table  E,  a  fork  waa  used 
making  50  double  vibrations  per  second,  thus  recording 
hundredths  of  a  second ;  for  table  £,  which  concerns  inter- 
vals longer  than  the  others  (1.75),  a  fork  of  25  double  vibiu- 
tions,  recording  fiftieths  of  a  second  was  used.  Many  meth- 
ods were  tried  for  saving  the  enormous  labor  of  counting 
these  vibrations,  which  task,  together  with  it«  strain  upon 
the  eyes  for  sach  a  long  series  of  experiments  as  the  present, 
can  only  be  appreciated  by  one  who  has  tried  it  for  several 
montlis.  The  slightly  irregular  motions  of  the  kymograph 
make  it  entirely  inaccurate  merely  to  scale  the  int^u-^'als. 
The  quickest  and  safest  method  of  counting  we  discovered 
was  as  follows :  When  the  paper  is  cut  from  the  drum  it 
presents  on  the  sheet  several  parallel  lines.  Several  scales 
were  made  fitting  all  the  degrees  of  irrognlarity  which  the 
fork  vibrations  in  these  lines  from  time  to  time  displayed ; 
one  of  these  scales  was  then  selected  to  fit  each  line,  part  of  a 
line,  or  set  of  lines  according  to  their  variation;  usually  three, 
and  often  one  scale  would  fit  the  fork-record  of  a  whole  sheet ; 
the  eye  quickly  det<*cts,  after  some  exi>erience,  whether  the 
Bcalc  fits  or  not,  and  tlius  enables  the  counting  of  the  vibra- 
tions by  using  the  scale  as  a  tally,  with  comparative  facility 
and  absolute  accuracy. 

It  is  an  important  feature  that  in  all  experimenta  to  be 
reported,  great  pains  was  taken  to  keep  the  {>erson8  experi- 
mented upon,  in  entire  ignorance  of  the  character  of  their 
judgments,  or  of  any  of  the  '  points  '  or  the  nature  of  the  ex- 
periments whatever,  in  order  to  secure  absolute  freedom  from 
unconscious  prepossessions  or  subjective  influences;  where 
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this  was  not  accomplished,  as  was  necessarily  the  case  in  two 
instances,  (subjects  S.  and  L.),  there  was  from  the  character 
of  tiie  men  a  minimum  probabilitj  of  subjective  prepossess- 
ions.  Moreover  as  by  far  the  greater  majority  of  the  subject** 
were  thus  precluded  from  preiwssession  until  Uieir  teats  were 
completed,  and  as  the  retrords  of  the  few  who  were  not  so  pre- 
cluded, including  those  upon  myself,  entirely  accord  with 
(hose  who  were,  we  think  tlie  remilt«  are  reasonably  free  from 
this  too  usaally  neglected  source  of  vitiation. 

Method:  The  first  class  of  experiments  waseondueted  as  fol- 
lows :  The  subject  was  always  seated  alone  in  a  noiseless 
room ;  the  electric  sounder  and  the  recording  key,  both  on  a 
table  before  him,  were  the  only  nppanitns  within  his  sight  or 
hearing;  the  former  brought  him  throngh  one  circnit  the 
beats  of  the  metronome  in  sharp  metallic  strokes  of  uniform 
strength  ;  with  the  latter  he  recorded  his  judgments  upon  the 
kymograph  drum  in  another  room.  In  the  latter  room  with  tiie 
kymograph  was  also  the  pendulum  and  remaining  apparatus, 
presided  over  by  an  assistant.  The  precise  method  of  these  A 
experiments  was  invariably  a^  follows :  (1)  The  pendulum  was 
started  with  full  swing,  giving  beats  .75  in  length,  the  electric 
circnit  remaining  open.  (2)  '*Ready"  siguals  passed  between 
assistant  and  subject.  (3)  Kymograph  and  tuning-fork  were 
•tarted.  (4)  The  asBistant  closed  the  pendulum  circuit  long 
enough  to  send  to  the  subject  six  beats,  or  five  Intervals  of 
.75  eacii.  (5)  The  assistant  opened  the  pendulum  circuit, 
silencing  tlie  sonnder.  (6)  The  subject  meantime  had  sought 
to  catch  the  beat  of  the  sounder  from  the  first  beat  of  the 
norm  and  simultaneously  to  reproduce  the  beatjupon  his  re- 
cording key  during  the  6  beats  of  the  norm.  After  the 
flounder  ceased,  he  continued  to  reproduce  the  interval,  with- 
out breaking  the  continuity  of  the  series,  according  to  his 
closest  judgment,  these  reproductions  l)eing  reconled  continu- 
ously by  the  proper  circuit  upon  the  drum.  (7)  The  assis- 
tant permitte<l  the  subject  to  oontinue  his  reproiluctions  until 
the  drum  had  exhausted  the  full  length  of  it«  spiral,  when  he 
signalled  '*  stop."  The  drum  was  set  to  exhaust  its  spiral  in 
two  minutes  ;  thus  through  all  classes  of  experiments  to  be 
reported,  the  reproductions  were  extended  through  approx- 


M 
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Imatoly  thn  nanin  HpacA  of  time,  though  of  course  the  nomber 
of  iwprodurtlonH  varied  a^^cording  to  the  length  of  the  iat&t- 
vnU  iinihI  nnil  thn  Jinlgmenta  made.  Freqaently  short  portions 
of  Milt  Nt'^'''^l  would  )k>  umhI  in  adjustments  of  the  signals  or 
hy  urrUlmtLii,  ho  Uiat  the  time  ivctiially  used  was  shortened 
nioni  or  loNN.  (8)  After  a  few  moments  of  rest  a  new 
tMtAl,  .11  long,  or  30%  longer  than  the  norm  was  sent  in  to  the 
nultjm^^,  wliloU  with  cloHent  possible  attention  and  care  he 
Nti'ove  to  ropitKlucM^  HiniultAiieously,  stroke  exactly  with 
■Irokn^  during  UiriM^  miuutf^rt.  No  record  was  made  on  the 
drum  of  ihtH  n*w^'lHe  or  pnunJt'*.  (9)  A  fresh  drum  having 
Imwu  put  in  tlu*  kynu»gmph  by  the  assistant  during  the  above 
ftxftixHiio,  tuiuuHl lately  uimui  tho  oxpiration  of  the  three  min- 
ul>iiii,  a  Mlgual  waa  ^Ivou  to  the  subject  to  oease  practicing. 
(10)  A  now  Horii^  ot  tJ  UMU*t  of  Iho  original  norm  of  .75  was 
thou  givt>n.  and  the  aUni*  tiuml«»n*  (I)  to  (7)  inclusive  were 
rr)H>at«Ml  pnviNoly  am  in  thnir  tlrst  order.  In  other  words  a 
urw  drum  tuU  of  ivprxnluotiouH  of  the  .75  was  obtained  under 
pnH'int'ly  liio  aawe  ciiuUiUvUiH  a»  the  first,  with  the  exceptioaj 
that  th^  ttrHl  wtartm  v»»  '■  Without  pr»ccice*'  or  exerde 
Vk\tM\  «ui>'  |\Mrticutar  tuttnrval^  whtlo  tho  ^wond  set  was  under 
iht*  imm^UAtr  mtlueactf  oi  ^  min.  practice  upon  an  interval 
W  \^w  t<MU  )oiif«r»  i\  r.  on  ,9  (11)  Atti^ra  proper  rest,  still 
a  (KinI  Mrti*  or  drum  full  wast  tak«A  pvMtaly  as  beiore,  ex- 
jf^  Ikkk  ttM»  alt<>r  hk<*  pmctiw  upMi«R  ttttorral  20  per  cent. 
>  IImui  iW  iMkrw,  ihai  to  on  .iB 
t%«i>  v«a  «»»inMil  «l  «M^  <'aMliCi*>  rtnm>i  with  proper 
W(4w«>«iik  «mIi  iwrtm.  ^kx^  wto  tl  })iifBiHte.  as  follows : 
^«l>  wi^lKmi  pra««lc» ;  (A)  »ll«r  :&  latik  ^WBJwupon  .9 ; 
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the  fltnirefl  are  priated  beavf ,  to  ebow  that  these  figures  follow  the 
rule  tliat  practice  on  a  longer  Intorrnl  len^thenrj  the  Judgment  and 
practice  on  a  shorter  Interval  shortens  the  judf^ment  aa  expresAcd  lu 
a  following  eflbrt  to  reproduce  the  Rtandnrd  int«^rval.  The  letters 
heading  the  vertical  oolumna  are  the  Initials  of  peri«ou4  actlns;  as  sub- 
Jeota.  The  smal)  figures  under  each  initial  give  the  number  of  experi- 
ments from  which  the  nverages  are  made. 


Set. 

s. 

L. 

C. 

a 

3 

A. 

9 

N. 
t 

Ornomt 

AvenipM 

IT 

(0) 

.712 
.710 
.716 

.607 

■663 

.614 

.7flO 
.737 
.697 

.785 

.757 
■706 

.671 

.749 
.680 

.8X4 
.801 

.7ia 

.723 
.689 

RtUiuUs:  "With  normal  interval  of  .75,  tiie  general  average 
of  17  teste  upon  6  pt^rsons  shows  that  tliere  is  a  very  slight 
and  nncertain  tendency  to  follow  the  nile  that  three  minutes 
previous  close  attention  to,  and  Kimultan<H)U8  reproduction  of, 
inteorals  respectively  20%  longer  or  shorter  than  the  norm, 
correftpondingly  lengthen  or  shorten  the  judgment;  that  is, 
that  tiie  habit  formed  by  the  practice  holds  over  to  influence 
the  auccecdiug  judgments  but  slightly,  if  at  all. 

Series  A  being  deemed  inconclusive,  it  was  followed  by 
Series  B,  the  only  changes  made  being  first,  that  a  norm  of 
1.25  was  used  in  place  of  .75,  and  second,  that  only  two  seta 
of  reproductions  were  taken,  namely :  one  without  practice 
(0)  and  one  after  three  minutes  practice  ( — )  on  an  interval 
of  .25. 

TABLE  B. 

Norm,  1.25  sec.    Practice,  3  mln.  on  .%'*  sec.    Trials,  60.   Persons,  18. 

At  lite  Ti^ad  of  each  vertical  double  column  la  the  initial  of  the  sub- 
Ject.  In  th«:  left  hand  column  are  the  nurabers  of  the  single  experU 
nients  from  which  the  averages  In  the  oi^her  cnlumns  arc  computed.  The 
columns  headed  (0)  coutaiu  H\*eragt' Judgmt^nts  of  the  1.2o  norm  made 
without  practice;  those  headed  ( — )  similar  Judgments  made  after  three 
mtnates  practice  on  a  .25  beat.  This  table  shows  the  average  for  each 
set  of  each  inflividuHl,  and  also  the  general  averages  of  each  individual 
and  of  the  totiil  cxpf-rimcnts  of  (hit  table.  The  averages  for  this  table 
are  computed  from  tlie  full  number  of  reproduotiona  of  each  dnimful. 
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^^^^B 
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^^1 
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^^H 

^^^H 

1.-285 

1.239 

^^H 

^^^H 

1.336 

1185 

^^H 

^^^H 

l.lUfi 

1309 

^^H 

^^^^M 

1.350 

1.196 

^^H 

^^^H 

1.30G 

1.164 

^^1 

^^^H 

1.3371.265 

^^H 

^^^H 

l-2781.19a 

^^1 

^^^^1 

1.2801.186 

^^1 

^^^^1 

1.8631.367 

^^1 

^^^^ 

1^11.387 

^ 

^^^1 

1 

J 

1.3351.2i2 

1.43fi 

1-313 

1.306 

1263 

1.2301157 

1JS06 

1-461 

1.291 

1-290     ■ 

^^H                 Differ- 

^^^H                   voce. 

-.092 
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-.053 
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K 
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(0)     1  (-)   t    (0) 

(-) 

•0( 

I—) 

1.311 

1— 1 

lO> 

1.118 

(0. 

1.441 

...  . 
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!.137'1.20M.ie9 

1.189 

1.352 

1.37S 

1  280*1.138 

^^^^m 

1.355 1-284 1.2.'I9;i.306l.U7:i  216  l.2.>61.245iI.148 

.954 

^^^V 

1.2401199 

1 

^^H 

1 
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1.2461.236  1.20111.192  1.»2'1.3U 

1.2H4 

l.36l'i.i4a 

1039 

1.441 

1888     ■ 
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1 

1 

1 

■ 

^^H                 DIffM-- 
^^^^H                     eaoe. 

-.020 

-.Oil 

-.001 

-.023           -.140 

1 

-.534          ^1 

^^1                RemlU:  Total  General  Average  Without  Practice,  1.3228"   ^| 

^^^^B                                                                 Alter 

1.2533"    H 

^^^^H                                                              Dilforeuee, 

.0695"    ~~\ 

^^^^H         These  B  experiments  upon   the    1.25   interval,  show   an   ^J 
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almost  universal  shortening  of  those  judgments  which  were 
preceded  bj'  three  minutes  close  attention  to,  and  siranltane- 
ons  reproduction  of,  beats  .25  long,  the  avei*age  difference 
between  the  jadgmenta  of  the  two  conditions  being  .0695. 
The  average  difference  of  no  individual  out  of  the  12  included 
in  the  table  varied  from  the  general  rule,  and  only  in  6  trials 
out  of  the  60  was  the  rule  broken  for  single  trials,  and  no 
person  broke  the  rule  more  than  once.  In  general,  those  most 
experienced  in  laboratory  work  conforme<i  most  strictly  to 
the  osual  law  ;  the  law  was  most  frequently  broken  upon  the 
first  test  made  upon  an  individual,  this  happening  4  times 
out  of  the  6 ;  and  it  may  Ikj  remarked  in  n^lation  herewith, 
that  more  variations  should  be  looked  for  from  nervousness 
or  other  disturbing  causes  under  these  conditions,  and  from 
those  persons  with  whom  they  were  actually  found.  In  gen- 
eral, also,  the  amounts  of  the  difference  made  between  (0) 
and  ( — )  was  proportional  to  the  amount  of  experience  the 
subject  had  in  psychoi»hysicaJ  experiment ;  for  instance, 
those  for  Dr.  Donaldson,  Dr.  Sanford,  Dr.  Lombard  and  my- 
self are  among  the  largest.  Curves  were  drawn  for  each 
individaal  similar  to  those  of  the  accompanying  chart.  Study 
of  these  discovers  tlmt  the  Constant  Error,  whether  plus  or 
minus,  shows  iteelf  most  frequently  to  a  marked  degree, 
from  the  very  beginning  of  the  i-eproductions,  and  nearly 
always  so  before  the  seventh  to  the  ninth  beat,  or  in  other 
words,  before  the  elapse  of  ten  seconds.  Also,  the  Constant 
Error  tends  to  preserve  a  uniform  course  from  the  banning, 
either  the  judgments  growing  gradually  longer  or  gradually 
shorter  throughout  the  drum,  according  as  their  value  is 
greater  or  less  than  the  normal;  in  those  individuals  where 
the  Constant  Error  is  greatest  and  most  marked,  this  gradual 
increase  or  decrease  is  moat  marked,  as  with  Dr.  Donaldson, 
where  is  the  largest  plus  valno,  and  with  Dr.  LomI>ard,  where 
is  next  to  the  greatest  minus  value  of  the  judgment*. 

A  beat  .25  in  length  was  now  chost'U  for  the  norm,  and 
l)eing  shorter  and  moi*e  difficult  to  catch  was  always  given  10 
times  as  a  sample  for  each  set  of  reproductions,  in  place  of  6 
beats,  as  in  the  previous  exi>erimente.  The  practice  inter- 
val was  also  changed  for  this  table  to  1.25,  and  for  a  x>criod 


o{  5  minutes  in  place  of  3  minntes,  as  formerly.  The  rea- 
son for  this  increase  in  the  length  of  the  time  of  practice  is 
manifest  when  we  consider  that  two  factors  enter  into  the 
functions  of  practice,  namely  :  first,  the  numtter  of  repeti- 
tions which  the  subject  or  central  cells  would  be  called  upon 
to  make  during  the  practice;  and  secondly  the  fatigue,  nutri- 
tive, restorative,  or  other  processes,  which  may  depend  some- 
what upon  the  mere  length  of  time  which  the  practice  is 
continued.  We  know  little  or  nothing  of  the  effects  of  either 
factor,  but  as  in  the  C  experiments  practice  on  1.25"  gave  much 
fewer  number  of  repetitions,  the  length  of  practice  time  waa 
increased  from  3  to  5  minutes,  which  was  an  indefinite  com- 
promise between  proportional  h;ngth  of  time  of  practice,  and 
proportional  number  of  beata. 

The  shortness  of  the  interval  would  have  given  a  great 
number  of  reproductions,  since  the  same  length  of  the  drum's 
spiral  was  used  as  before;  and  the  labor  of  counting  so  many 
would  have  been  exceifsive ;  therefore,  although  the  subject 
made  his  reproductions  for  approximately  the  same  length  of 
time  as  in  the  previous  experiments,  records  were  taken  ujwn 
the  kymograph  of  only  the  first  40  reproductionSf  and  of  a  sec- 
ond set  of  40,  taken  after  the  lapse  of  one  minute  fi-om  the 
last  beat  of  the  norm.  All  the  other  conditions  were  the 
same  as  before,  making  the  method  for  Table  G  as  follows : 
(1)  Norm  of  .26  (10  beats  given);  adrumfulof  reproductions 
taken  witliout  practice.  (2)  Practice  5  minutes  ou  1.25 
beats.  (3)Kormof  .25,  (10  beats  given);  a  drumful  of  repro- 
ductions taken  after  practice. 

TABLE  a 

Norm,  .35  sec.    Practice,  5  mln.  on  1.25  sec.    TrioU,  SO,  Persons,  8. 

Shows  avorn^es  of  ench  sot  and  trial,  of  each  ludividual,  and  the 
Kcneral  aveniges  aa  before.  Averaf^ea  of  the  first  40  reproductiouft  are 
marked  a,  of  the  seeoDd  40,  6;  and  the  average  of  a  and  b  is  marked 
e;  (0)  without  practice;  (-f)  alter  5  mln.  practice  on  1.25. 
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.341 
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^^K        Results :    Total    G cnoral    Average    W ithoufc    Practice    (a )             1 
^^^^                         .2500;   (&)  .2396;  (/r)  .244«.                                                 1 
^^^^^H                  Total   General  Average  After  Practice  (ti)  ,2557;             J 
^^H                   (&)  .2525;  (O  .2542.                                           M 
^^^r               Difierence  (a)  .0057 ;  W  .0129 ;  (0  .0093.                   ^ 
^^H            These  C  Experiments  seem  to  show  that  5  minutes'  practice 
^^H        npon  a  1.25  t>eat,  lengthens  jitdgnients  of  .25  intervals  on  an 
^^H        average  .00935  ;  the  i-esult  is  the  more  striking  and  concln- 
^^H        give  when  the  smallness  of  the  average  lengthening  is  com- 
^^H        pared  with  its  (M>aatanc>%  the  **  aftor  practice  ^'  set  of  General 
^^K        Averages  of  the  total  30  trials,  exceeding  the  "  without  prac- 
^^H         tice*-   sot  in  every  insiivucOf  and  even  in  averages  of  three 
^^H        trials^  us  those  o(  H  (a  subject  wlio  at  the  time  was  entirely 
^^H        ignorant  of   the   purpose  of    hiH  ex{>ciriments),  the    <*  after 
^^H        practice**  judgments  falling  U^low  the  corre8i>onding  *' with- 
^^^B        out«'^  bat   twit*e  out  of  the  340   rccordtMl  judgracntH.     The 
^^H        Curves  of  the  General  Averages  of  the  total  thirty  trials  is 
^^H        shown  In  Fig.  Til  of  the  Chart,  and  those  of  H  in  Fig.  IT. 
^^H        The  DOntinuous  line  in  the  rhnrt  »hows  the  judgments  ''with- 
^^H        oot  pnbctico/'   and  the    dotted    line    ''after  practice''   as       ^y 
^^H        pTTviously  lu  Figs.  1  and  11.                                                            ^H 
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TABLX  D. 

Vonn,  .76  sec.  Practice,  7  min.  on  1.75  sec.  &nd  6  mln.  on  .25.  Trial?, 
80.    Persons,  8. 

This  table  will  be  understood  withoat  other  explanation  than  that  its 
method  was  precisely  that  of  Table  A,  except  that  the  '  long  *  practice 
was  changed  from  3  mln.  upon  .0  to  7  mln.  upon  1.75,  and  Uie  *  short* 
practice  irom  3  mln.  upon  .6  to  5  mln.  upon  .25;  also,  7  beats  of  the 
DOrm  were  given  for  the  copy  from  which  the  reproduction  of  each  set 
was  made.  The  table  shows  averages  of  each  set  and  trial,  of  each  indl- 
Tidoal,  and  the  General  Averages  as  before.  Averages  of  the  first  40 
reproductions  are  marked  a,  of  the  set-ood  40  &,  and  the  average  of  a 
pIosMs  marked  c;  (0)  =  without  practice;  (+)  after  7  mln.  practice 
on  1.75 ;  (— )»  after  6  min.  practice  on  .25. 
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4 

8. 

N. 

H. 

B. 

■                  Vo,  of 

H                      SfUiDICB. 

(0) 

.725 

(+) 

<-> 

tO) 

(+) 

(-; 

(0) 

t+ 

{-} 

«>) 

(+) 

■618 

.786 

.no 

.801 

■803 

.717 

.7i»8 

.7('^| 

.666 

.705 

.685 

^^M        1-  b 

.796 

.78E 

■690 

.800 

■811 

.759 

.835 

.869 

.670 

.829 

.621 

■599 

^^^H 

.725 

.787 

.700 

.800 

■80S 

.753 

.817 

.817 

.668 

.667 

.063 

■63a 

^H 

.748 

■835 

.772 

.781 

.771 

■761 

.800 

.873!    .711 

^^m        20 

,7fl« 

.882 

.792 

.773 

.798 

.761 

.899 

.96: 

■791 

^H 

.7«7 

869 

.782 

.777 

.785 

.758 

.849 

.980 

.769 

^^^1 

.7BS 

.795     .699 

.739 

■816 

.713 

.810 

.982'    .771 

^^H           b 

.801 

.803,    .718i.7r.:i 

.811 

.723 

»S94 

1^118 

■900 

^^^m 

.797 

.799 

.709 

.74R 

■815 

.717 

.853 

1^066 

■837 

^H 

.718 

.795     .721 

.736 

■836 

696 

.732 

■909 

.733 

^H                 6 

.690 

.8091    .754 

.731 

.975 

■676 

.794 

1.056 

.779 

^^^1 

.708 

■802 

.737 

.734 

.906 

.688 

.763 

■985 

.755 

^^^H 

.768 

.924 

.737 

.822 

.836 

.710 

.787 

1.003 

■738 

^^m         b 

.746 

1.019 

.739 

.790 

.889 

.716  .833 

1-23:3 

.791 

^^^M 

.747 

.971 

.738 

.806 
'.777 

.867 

.738.  .810 

1.118 

.765 

^H 

.782 

.877 

.735 

.801 

.709 

^^m           b 

.7tfl 

El-lX 

•705 

.776 

■810 

.701 

^H 

.772 

.999 

.730 

.776 

■307 

.767 

^^^H 

.781 

'  -860 

.778 

.771 

■820 

.70S 

1 

^H               6 

.524 

.1.118 

.819 

.770 

.990 

■693 

^^^1 

M 

'1'003 

.793 

.770 

.90S 

■701 

^^^H 

.714 

.Slfi 

.716 

.761 

.972 

.723 

^^B           b 

.7M 

■822 

.696 

.7m 

.997 

.737 

^^H 

.709 

.819 

.706 

.780 

.931 

.736 

^^^H 

.758 

•879 

■711 

.'nn 

■961 

-711 

^^H           & 

.768 

■862 

.713 

.758 

<9S2 

-735 

^^^H 

.764 

■86B 

-713 

.756 

■956 

.738 

^^^ 

.754 

.810 

.726 

.747 

■819 

.788 

■                10    6 

.780 

■855 

.716; 

.751 

.887 

.777 

1                   l^ 

.767 

.817 

.731 

.749 

.813 

.782 

.706 

.686 

^^H        f" 

.754 

.813 

.733 

.708 

■815 

.731 

.785 

.907 

.730 

648       ' 

^V 

.757 

.907 

.736 

.7iJa 

■893 

.737 

.851 

1.083 

.787 

.629 

.631 

■  599 

V               (^  i<: 

.755 

.876 

.731 

.7«7 

.869 

.729 

.818 

.980 

.758 

.667 

.653 

■633 

1              fct!  {" 

+.089 

—021 

+.076 

—037 

+.131 

— 06S 

-.oao' 

—067 

1              r  n  '  ^ 

+.119 

-.019 

■1-.123,| 

-.013 

+■303 

—061 

—.008 

—030       J 

1        ^  ^■'^ 

+.119—0211 

f.ioo] 

—010 

f.l63 

-.059 

—.014 
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almost  universal  shortening  of  those  judgments  which  were 
preceded  by  three  minutes  close  attention  to,  and  simultane- 
ous reproduction  of,  beats  .25  long,  the  average  difference 
between  the  jadgmenta  of  the  two  conditions  lieing  .0695. 
The  average  difference  of  no  individual  out  of  the  12  included 
in  the  table  varied  from  the  general  rule,  and  only  in  6  trials 
out  of  the  60  was  the  rule  broken  for  single  trials,  and  no 
person  broke  the  rule  more  than  once.  In  general,  those  most 
experienced  in  laboratory  work  conforme<l  most  strictly  to 
the  usual  law  ;  the  law  was  most  frequently  broken  upon  the 
first  test  made  upon  an  individual,  this  happening  4  times 
out  of  the  6 ;  and  it  may  be  remarked  in  relation  herewith, 
that  more  variations  should  be  looked  for  from  nervousness 
or  other  disturbing  causes  under  these  conditions,  and  from 
those  persons  with  whom  they  were  actually  found.  In  gen- 
eral, also,  the  amounts  of  the  difference  made  between  (0) 
and  ( — )  was  proportional  to  the  amount  of  experience  the 
subject  had  in  psychophysical  experiment;  for  instance, 
those  for  Dr.  Donaldson,  Dr.  Sanford,  Dr.  Lomlmrd  and  my- 
self are  among  the  lai-gest.  Curves  were  dniwn  for  each 
individual  similar  to  those  of  the  accompanying  chart.  Study 
of  these  discovers  that  the  Constant  Error,  whether  plus  or 
minus,  shows  itself  most  fi*equently  to  a  marked  degree, 
from  the  very  beginning  of  the  i-eproductious,  and  nearly 
always  so  l)efore  the  seventli  to  the  ninth  lieat,  or  in  otlier 
words,  before  the  elapse  of  (en  seromls.  Also,  the  Constant 
Error  tends  to  preserve  a  uniform  course  from  the  beginning, 
either  the  judgments  growing  gradually  longer  or  gradually 
ihorter  throughout  the  drum,  according  as  their  value  is 
greater  or  less  than  the  normal ;  in  those  individuals  where 
the  Constant  Error  is  greatest  and  most  marked,  this  gradual 
inoreaae  or  decrease  is  most  marked,  as  with  Dr.  Donaldson, 
where  is  the  larg«^Kt  i)lus  value,  and  with  Dr.  I^ombard,  where 
is  next  to  the  greatest  minus  value  of  the  judgments. 

A  l)eat  .25  in  lr»ngth  was  now  choson  for  the  norm,  and 
being  shorter  and  more  difficult  to  catch  was  always  given  10 
times  as  a  sample  for  each  set  of  reproductions,  in  place  of  6 
beats,  as  in  the  previous  experiments.  The  practiice  inter- 
val was  also  changed  for  this  table  to  1.35,  and  for  a  period 


^^H        was  strong  aad  constant.     Figure  Y  of  the  chart  ahowe  the       ^^ 

^^H        curve  of  the  General  Averages  for  the  30  trials  and  8  per-              ] 

^^H        sons  ;    figure  TI  shows  the  carve  for  Sh. ,  and  UluBtrates  a            J 

^^H        single  trial.                                                                                      ^^J 

^^1                                                           TABLE  K,                                                         ^H 

^^^1             Nomif  ^  sec.    Practtc««  S  min.  on  1.75  sec.    TrUlB>  6.    PersoDS,  a. 
^^^H             Th«  DDJy  other  railACloD  than  those  In  ihe  above  line  wa«  for  these 
^^^H          expeiimeots,  tliat  10  l>eat«  of  the  DOrm  were  given  for  the  sample 
^^^H          from  whitih  each  act  of  reproductions  was  made.    Averages  of  the  first 
^^^H          40  reprodactloDS  are  marked  a,  of  the  second  40,  6;  the  averages  of  a 
^^^m          plus  0  are  marked  e ;  (0)  =  Wlthoat  Practice ;  (+)  =  after  5  mrn.  prac- 
^^^1          tice  on                                                                                                                      ^^M 

^^^^^t                          of  Trials. 

8. 

^^1 

(0) 

(+) 

(« 

(+)                   H 

.617 

.503 
.610 

.491 

.606 
.4U8 

.497 
.604 
.600 

.511 
■518 

.&»} 

■528 
■559 
511 

.535 
■561 
613 

.491 

.484 

.  .487 

.503 
.483 
.403 

.489 
.484 
.487 

^1 

■616  ^M 
■633                           ^1 

.601 

.003 

.soa 

.031 
613 

.538 

.4M 

.4B6 
.480 

^1 

■508  ^M 
56ft                          ^ 

^^^^^^^V                        IXfforvaovs. 

+.033 
+  039 

+■030                                 ^1 
+.036                                 ^H 
+■038                                  ^M 

^^^^^  Hentilts:  Total  General  Averages  Without  Practice  (a)  .49S0;        ^| 
^^^_                     (A)  .4852;  (c)                                                                     ^M 
^^^BlB               Total  Gent^ral  Averages  after  practice  on  longer  beat        ^H 
^^^H                    (a)  .5240;  (6)  .5228;  (c)  .5237.                                         ^1 
^^^^V               Totnl  General  Average  diflerence  (a)  .0266 ;    (6)              J 
^                                      (r)                                                                           ^M 
^^H           Ftgnre  Vlt  of  the  chart  shows  the  curve  for  the  general        ^H 
^^H       averages  of  tho  six  teatd  of  these  experiments  on  the  interval        ^H 

THE  PSYCHOLOGY  OF  TIMS. 


75 


TABLX  F. 

Norm,  1.75.    Practice  B  mln.  on  .&.    TrUU,  6.    Persons,  %. 
Seven  bents  ot  norm  ^vea  for  Bample  to  be  reproduced.    (0) 
Wlthoat  Practice;  (— )  —  after  8  mln.  practice  on,  .5  §cc. 


JKo.  or  Trlali. 

a. 

N. 

«o? 

(-) 

(0) 

(-) 

1 
3 
3 

s.oa 
a.06 

3^1 

a.u 

2.36 
3.36 

3.19 
2.24 
1.88 

183 
1-79 
1-78 

ToUJ*. 

3-136 

a.384 

2.049 

1-7&0 

DUTersnce. 

+.048 

— .a&fl 

BesuJfa:  Total  General  Average  Without  Practice,  2.089 
**  **  "         Alter  '*        2.010 


"  **  "        Difference,  —  .079 

It  will  be  observed  that  the  three  trials  of  8.  for  this  inter- 
val are  all  contrary  to  the  usual  law ;  whether  this  is  acci- 
dental and  due  to  the  small  numlwr  of  the  trials,  or  if  practice 
is  less  efficient  in  its  influence  upon  judgments  of  lopg  inter- 
vals, is  undetermined ;  we  incline  to  believe  the  former. 

At  this  point  in  the  experiments  it  appeared  conclusive 
that  a  certain  amount  of  sustained  exercise,  with  close  atten- 
tion to  the  rei>etition  of  definite  beats  heard  from  a  pendulum 
or  sonnder,  and  reproduced  by  motion  of  the  finger  upon  a 
key,  induces  some  sort  of  more  or  less  permanent  eflect  or 
habit,  whose  influence  unconsciously  modifies  accordingly  the 
judgment©  or  reproductions  of  other  beats  heard  and  repro- 
duced immediately  after  snch  exercise  or  practice.  The 
qnestion  now  arose  whether  this  effect  was  muscular  or 
"central."  To  determiue  this,  the  foUowing  experiments 
were  instituted  ;  their  method  was  the  same  as  the  foregoing 
except  that  in  place  of  hearing  the  beats  of  the  sounder  the 


armature  or  stroke-bar  of  the  latter  was  pressed  lightly 
between  the  thnmb  and  forefinger  of  the  teft  hand ;  the  soft 
parte  of  the  balls  of  the  fingers  were  intruded  slightly  between 
the  bar  and  the  anvil  or  brasses  between  which  the  bar  played, 
and,  the  circuit  being  closed,  each  time  the  pondolum  made  a 
stroke  a  "  pnlse-like  "  sensation  was  felt  by  the  fingers.  The 
left  hand,  thus  holding  the  sounder,  was  then  rolled  in  sev- 
eral thicknesses  of  cloth  and  folded  with  a  woolen  coat,  and 
the  ears  closed  with  cotton  or  wax  till  no  noise  from  the 
sounder  conld  be  heard  with  the  closest  possible  attention. 
Also,  the  practice  was  no^w  exercised  or  received  in  a  parety 
afferent  manner,  without  repeating  the  practice  interval  upon 
the  key,  simultaneously  with  Lhe  beats  of  the  sounder  as  was 
done  in  the  other  experiments.  By  these  means  the  effect  of 
the  practice  was  confined  afferently  to  the  left  thumb  and  fore- 
finger, and  to  their  re8i>ective  nervous  centres.  The  repro- 
ductions of  the  trial  intervals,  both  the  set  previous  to 
practice  and  the  correlative  set  after  practice,  were  made  with 
the  right  hand  or  fingers,  as  in  all  previous  experiments. 

It  is  evident  that  if  similar  effects  from  practice  should 
manifest  themselves  under  these  conditions  as  in  the  former 
experiments,  the  cause  could  in  no  way  be  attributed  to  a 
muscular  habit,  because  no  muscles  were  at  all  concerned  in 
the  reproductions  of  the  normal  or  trial  intervals,  which  had 
been  in  any  way  influenced  by  the  previous  afferent  exorcise 
on  the  practice  interval.  Of  course  it  is  possible  that  every 
afferent  impulse  occasions  some  efferent  discharge,  although 
the  same  be  actively  ineffectual ;  yet  even  if  this  did  hap- 
pen, we  think  it  wonld  be  fair  to  assume  that  the  cause  of 
the  difference  between  the  two  sets  of  judgments  was  central 
and  not  muscular. 


TABLE  Q. 

Norm,  1.25.    Prtctice,  6  mln.  on  .25.    Trials,  50.    Persons,  16. 

Pnujtlce  taken  by  touch  alone  In  left  thumb  and  finger,  the  beat  being 
inaudible.  Ten  beats  of  norm  eVven  aa  sample  for  all  reproductions. 
(A)  =  Averages  without  practice;  (B)  =  Averaees  after  6  mln.  prac- 
tice en  .25  beata;  D  '^  difference  between  (A)  and  (B). 
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TABLE  G, 

yto.ot 

8. 

v. 

U 

B. 

c. 

A. 

D. 

B. 

SllllDK*. 

1      fl 

i.arrt 

1.2O0 

1.065 

1.430 

1.33fi 

1.14*1 

1.43.*] 

1.442 

1215 

1-lOS 

.942 

\.hm 

1.390;  i.ni 

1.437 

1.334 

-  .061 

-.091 

-  .133 

+  .050 

+  M\\-  .035  +  .004 

-.108 

(A 

1.302 

1.174 

1.035 

1.443 

1.6841    1.396 

rs 

a.aoa 

1033 

1.338 

1.410 

I.475I    1-393 

(d 

-  .100 

-  .141 

.303 

-033 

-  .089  -  -003. 

(A 

1.»I7 

1.140 

1.358 

1.447 

1.289 

1.440 

z\b 

1-195     1029 

M69 

1.282 

1.438 

1.4SQ 

\d 

-  .053-  .111 

-   199 

—  -1651+  .149'+  .034 

(A 

1.207     I.OSi 

.ftS3 

1.3881     I..307!     1.493! 

4\i 

1.350     1.068 

.882 

1-223!    1-355!    1-420 

u 

+  .O4S-.0W 

-.061 

-.166 

-  .053;-^^ 

1^^^^^^ 

^^H 

1..1t)0      \.%i5 

1.093 

1.333 

1.277 

1.553 

^^K^          s 

im'  1-071 

1.012 

1.333 

1.2S4 

1369^ 

^^H 

-  .109  -  .174 

-  -081 

-.100 

+  .007 

-^184 

1.1741   i.nfl 

1.109     1085 

-  .085      .094 

^^^^^ 

1.360 

1.336 

^H                7^£ 

1.3fi3 

1.203 

^^^     u 

+  .008-  .134 

^^^^^ 

uaa'   1.201 

^V             fi 

1.389     1.089 

^^^^ 

-  .oae-  .172 

^^^^P 

1.B83     1.971 

^         »{£ 

1-336'    M54 

^H 

-  .248-  -m 

^^H 

1.3341    1.313 

^H             £ 

l-3fll|    1.031 

^^m 

+  .027—  .182 

H 

l.S10{    1.310 

1.061 

1.416 

1.347 

1.3891 

1.483 

1.442 

■    sl^ 

1-262     1.083 

1-039     1426' 

1.363 

1312     1.437,1 

1334 

-  .048-  .138 

-  .0321-  -090+  .018 

.On,+  .004 

-  .108 
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No.  of 

Bittiom. 

MAM. 

w. 

H&. 

M. 

ML 

X&. 

Htt. 

Ol 

AvenMM 

oTlMtl*. 

9    B 

IJOl 

1-163 
-  .138 

1J50 

1-310 
-.140 

1.406 
1-397 

-.Oil 

iJ7a 

1.474 
+  .102 

1.436 
1323 

-  .103 

1.039 
906 

-  .133 

1.163 

I.IM 
+  -Oil 

1.368 

1161 

-  .107 

1.306 

1.31$ 
-  .061 

4  r^ 

1.301 

1-163 

.138 

1.360 
1.310 

-.liO 

1.408 

1-397 

-•Oil 

i^a 

1.474 
+  .103 

1.43S 
1333 

I-.IC3 

1-039 
906 

-   123 

1.18S 

1.194 

.011 

1.368 

1.161 

-.107 

1.306 

1.3iS 
-  .061 

General  Average, 

Results:  Total  general  average  without  practice,    1.2776 

^ Total  general  average  after  6  min.  i)ractice  on,  "| 
^        .25,  received  o^y  through  left  thumb  and  [-1.2137 
finger,  J 


Total  general  average  difference,  — '0639 

The  results  of  these  G  experiments  are  particularly  to  be 
compared  with  those  of  Table  B,  both  having  had  the  same 
norm  and  same  practice  intervals-  The  length  of  time  which 
practice  was  undergone,  however,  was  in  <i  double  tliat  in  Z?, 
which  probably  should  be  counted  as  a  reason  why  the 
difference  between  the  " without  practice ^ *  and  the  "with 
practice''  results  should  have  been  greater  in  0  than 
in  B.  An  offset  to  this  influenoe,  however,  lies  probably 
in  the  fact  that  in  the  B  practice  the  intervals  were  not 
only  afferently  received,  but  aUo  efferently  executed,  bring- 
ing into  play  the  whole  psychophysical  arc  of  sensory 
centers,  motor  centers,  and  muscles  of  the  fore-arm,  hand 
and  fingers ;  under  these  circumstances  this  arc  soon  takes 
ODf  as  a  whole,  a  simultaneous  function  of  a  strongly  reflex 
nature,  the  roproductions  not  following  the  beats  of  the 
norm,  but  precisely  and  spontaneously  coinciding  with  them, 
.t  on  beat;  the  whole  process  of  reproducing  here  ia 
itself  of  tiie  nature  of  an  induced  habit,  and  it  is  natural  to 
euspect  that  the  continuation  of  the  habit,  sustained  through 
term  of  practice,  would  have  a  stronger  and  more  lasting 


Hfbeai 
^itse 


effe<4  than  where  the  sensory  centers  alone  were  exercised,  as 
in  Ihe  0  experiments.  What  t-he  precise  results  of  these 
coonterv ailing  conditions  may  have  been  we  cannot  deteruiine, 
bat  the  very  close  equivalence  of  the  total  diflerences  of  the 
two  tables  (—  .06i»5  for  B,  —  .0639  for  r/),  is  vexy  likely  to 
have  been  within  certain  limits  occidental. 

It  is  not  likely  that  the  same  experiments  repeated  under 
conditions  as  nearly  as  possible  like  these,  and  upon  the  same 
individoals,  would  produce  precisely  the  same  results,  for 
the  human  organism,  mental  and  physical,  is  so  complex^  its 
environment  so  variable,  the  entire  conditions  of  the  problem 
so  multifarioasly  chani^eable,  that  the  mathematical  proba- 
bilities are  almost  infinitely  against  identical  combinations. 
But  results  constantly  like  in  nature  and  approximately  like 
in  degree,  should,  we  think » be  deemed  scientifically  acceptable. 
Even  with  these,  the  time-problem  is  so  difficult  and  so 
liable  to  subjective  and  delusive  complications,  that  we  can- 
not look  upon  the  experimente  here  reported,  (as  extensive, 
careful  and  conclusive  as  we  have  endeavored  to  make  them,) 
as  being  entirely  conclusive  until  they  shall  have  been  con- 
firmed by  similar  work  of  other  experimenters.  With  these 
provisions,  however,  we  think  the  results  of  the  foregoing 
experiments  indicate  that,  itxtMained  atterUion  to  a  rythmi- 
cally  repeated  impulse  induces  in  the  corresponding  ntrvtms 
centre  a  habit  or  tendency  to  continue  thai  impulse,  whic/i 
habit  influences,  or  modifies  succeeding  time- judgments. 

The  following  table  summarizes  our  results  with  rofcreiico 
to  the  Constant  Error.  We  have  thought  l)e«t  to  giv«  the 
length  of  the  judgments  rather  than  the  amount  of  the  ««rror ; 
the  plus  sign  is  prefixed  to  those  judgments  which  are  grcoiter, 
and  the  minus  signs  to  those  which  are  less  than  their  corre- 
sponding norm ;  also,  the  taUe  shows  the  nmnht'T  uf  ivUHn 
from  which  each  average  is  calculated,  and  the  Ubie  from 
which  the  same  are  taken.  The  jadgment^  of  Tabl^  //  Mtt 
alone  the  first  series  of  each  set  or  trial,  that  1«,  those  7t}u4« 
without  practice  or  normally. 
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RemltA:  "With  the  method  used,  the  exi)eriment«,  on  the 
-whole,  indicate  that  the  judgmeots  of  intervals  of  .75,  .50 
and  .25  are  very  slightly  shortened,  while  those  of  1.25  and 
1.75  are  considerably  lengthened.  Too  few  intervals  were 
used  to  detennine  the  Indifference  Point  accurately,  yet  in 
view  of  the  great  variations  displayed,  we  may  perhaps  come 
as  near  the  truth  as  can  be  well  attained,  if  we  calculate  this 
point,  for  these  exp(*rlments,  from  the  General  Average  of  the 
intervals  used ;  according  to  such  computation  the  Indiffer* 
enee  Point  wonld  appear  to  be  about  .81.  Yet  so  great  are 
the  individual  differences  and  even  the  variations  of  the  Con- 
stant Error  from  time  to  time  for  the  game  individaal,  that 
this  error  should  be  termed  Inconstant  rather  than  Constant, 
and  as  calculated  from  any  number  of  persons  yet  experi- 
mented upon,  must  be  considered  as  extremely  problematical 
and  uncertain.  Particularly  so,  as  we  entirely  lack  any  sure 
due  to  ite  probable  cause.  In  view  of  the  indication  arrived 
at,  that  the  phenomenon  is  central,  we  might  infer  that  the 
lengthening  of  the  judgment  was  due  to  an  inertia  or  tardiness 
of  the  centres  to  repeat  the  proi)er  rhythm,  and  that  this 
might  be  based  upon  a  failure  of  response  in  nutritive  pro- 

I  «eB8es;  bnt  this  would  be  difficult  to  reconcile  with  the  fact  that 
the  more  rapid  iDter\-als,  which  would  be  supposed  to  exhaust 
the  centres  most  quickly,  display  the  opposite  tendency  and 

,  act  more  quickly  than  they  ought.  Or  perhaps  the  relations 
between  the  nutritive  and  active  functions  of  tlie  centres,  are 
an  automatically  compensating  mechanism,  wherein  the  snp- 
ply  is  sometimes  ^*  over  corrected"  and  again  **  under  cor- 
rected *■  with  reference  to  the  exhaust,  just  as  the  bal- 
ftnce  wheel  of  a  watch  is  often  at  fault  with  reference  to 
temperature,  and  the  watch  varies  with  the  season  and  with 
the  |>ocket  it  is  carried  in ;  so  the  time-mechanism  of  the 
nervous  centre  may  vary  with  individual  and  physical  condi- 
tions, and  with  tlie  coat  we  wear ;  surely  the  psyciiical  time- 
piece is  not  less  delicate  or  complex  than  its  horological 
rival  of  human  skill. 

Comparing  our  own  results  with  those  of  former  experi- 
menters, though  we  learn  next  to  nothing  of  the  cause  of  the 
Constant    Error    and    too    little    of    its    course    to  predict 
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diet'  thfi  HAmn  with  luiy  ttrent  probability,  for  May  oeitain 
IHirKon  or  numlxir  of  iM^rHonM  ;  yet  Htiidy  of  onr  taNe»,  mad  still 
better  of  the  original  cnrres  and  charts  too  nnmeroos  to 
publUb.  rov«MilH  a  few  points  of  considerable  certainty. 
TlioHe  indivi<lualH  who  ninki*  the  largest  coDstant  error,  make 
the  orror  most  coustuntly  iu  one  direction;  such  persons, 
also,  are  apt  to  make  a  ooustanUy  increasing  error  through- 
out the  series  of  re]>roduotion.s  of  each  druinfal;  thi^  phe- 
nomenon tjctrays  itself  even  more  conspicuously  in  the  **  after 
practice"  series  than  in  the  "without  practice"  series; 
the  phonomenou  is  iUustratod  iu  the  judgments  of  L  and  of  H 
in  Table  G,  and  in  their  respective  carves^  Figures  X  and  XI 
of  the  chart ;  judgments  of  the  former  are  unusually  abort 
throughout  the  experiments,  and  in  the  curves,  show  them- 
selves growing  rapidly  shorter  and  shorter  to  the  end  of  the 
dram  ;  the  judgments  of  H  are  nnusuaUy  long  throughout  all , 
his  trials,  and  his  curves  go  rapidly  up  throughout  each, 
drum.  This  raises  a  serious  question  as  to  what  the  magni- 
tude of  the  Constant  Error  would  be  for  a  longer  and  different 
period  of  reproduction.  Possibly,  also,  this  point  has  rela- 
tion to  the  fact  that  contrary  signs  are  found  for  the  Constant 
Error  by  the  German  experimenters  who  nsed  single  repro- 
ductions, and  by  Mr.  Stevens  (with  whom  my  results  pretty 
closely  agree)  and  myself,  who  used  multiple  reproductions. 
Examination  of  the  first  reproduction  of  each  drumfui  of  my 
work,  does  not  discover  the  contrariness  of  sign  for  Constant 
Error,  Itetween  the  first  and  the  subsetjuent  judgments  of  the 
series,  which  would  correspond  to  the  contrariness  of  results 
between  the  alxtve  mentioned  experiments  with  single  and 
with  multiple  reproductions.  New  experiments  seem  needed 
for  the  tripartite  relations  l>etween  the  sign  of  Constant  Error, 
the  number  or  length  of  time  the  norm  is  given  as  a  sample, 
and  the  nnmbcr  of  the  reproduced  judgments. 

Another  feature  of  interest  is,  that  any  slight  nervousness 
or  excitement  of  the  subject  shortens  the  judgments.  Often 
the  subject  who  sits  for  tlie  first  time,  looks  upon  any  psycho- 
logical experiment  as  in  some  way  a  test  of  mental  caliber ; 
(hlB,  together  with  fresh  interest  in  the  experiment,  occasions 
A  slight  eagerness,  excitement,  or  mental  tension  for  the  first 


tria],  which  is  not  so  mach,  if  at  all,  present  in  future  ones. 
Examination  of  resiUte  taken  nnder  such  conditions^  convinced 
me  -while  the  experiments  were  in  progress  that  they  were- 
Bhorter  than  the  ordinary  ones.  It  is  evident  that  thiH,  if  true, 
would  have  bearini^  ujwn  the  method  of  our  experiments ;  for 
instance,  if  in  first  sittings  the  average  judgments  of  the  first 
or  *'  without  practice"  trial  be  for  the  above  reason  shortened 
more  than  the  following  '*  after  practice  "  set,  allowance  ought 
to  be  made  for  this  in  estimating  the  shortening  or  lengthen- 
ing effect  of  the  practice  upon  the  later  set ;  otherwise,  in  those 
cases  where  the  practice  interval  was  shorter  than  the  nonn, 
the  shortening  effect  of  the  practice  in  the  <*  after  practice  "  set 
would  be  negatived  to  the  extent  of  the  shortening  due  to 
excitement  in  the  *•  without  practice  "  set,  and  the  reverse  for 
practice  intervals  longer  than  the  norm.  Examination  of  the 
tables  shows  that  the  law,  that  the  "after  practice''  sets  are 
longer  or  shorter  than  the  "without  practice  "  sets,  according 
as  the  practice  interval  is  longer  or  shorter  than  the  norm, 
is  broken  to  a  more  or  less  degree  in  48  out  of  246  tiroes  ;  17 
out  of  these  48  digressions  occurred  in  first  sittings,  and  11 
oat  of  these  17  occurred  in  those  experiments  where  the 
practice  interval  was  shorter  than  the  norm.  This  is  in, 
tttN'ordanco  with  what  has  been  said  regarding  excitement, 
yet  a  more  detailed  scrutiny  of  the  results  than  is  possible  to^ 
give  here,  is  chiefly  the  ground  for  what  we  have  stated  on 
this  point. 

Mach  has  been  said  by  previous  exx)€rimenterB  concerning 
the  effects  of  attention.  Undoubtedly  with  single  reproduc- 
tions  sensibility  and  accuracy  are  directly  proportional  to  the 
attention  given ;  with  multiple  i-eproductions  it  is  doubtful  if 
this  is  the  case  for  iha  exi>ert  and  experienced  subject.  For 
myself,  who  have  had  very  unusual  experience,  my  best  judg- 
ments are  made  by  paying  the  greatest  possible  attention  tO" 
the  norm  during  the  sample  beate,  and  then, when  the  rhytlim 
is  onoe  caught,  abaudouiug  myself  to  as  near  an  anconscioua 
or  reflex  condition  as  possible,  letting  the  idea  or  habit  of 
the  rhythm  run  its  own  course  undisturbed,  as  near  aa  may 
be,  by  attention,  volition,  or  any  kind  of  thinking  whatever. 

Subjective  opiniotis  of  one* 8  own  judf/tnents:  After  finish- 
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iDg  each  dramfal  the  sabject  throughout  the  experimente  was 
usually  asked  his  opinion  of  how  well  he  had  kept  his  copy 
or  norm  ;  only  in  a  small  and  nncertain  number  of  cases  were 
these  opinions  found  to  a|^ree  with  the  trathf  and  frequently 
were  directly  contrary. 

flow  long  before  the  effect  of  practice  shows  itself  tw 
at^ainst  the  immediate  memory  of  the  norm  f  The  results 
are  so  variable  that  this  question  cannot  l>e  answered  with 
precision  ;  nearly  always  the  effect  of  the  practice  is  exhib- 
ited in  the  very  first  reproduction  to  a  marked  degree  ;  before 
the  expiration  of  8  or  10  seconds  the  effect  would  seem  to  be 
in  full  force  or  tendency,  from  which  time  forth,  the  judgment-s 
where  the  Constant  Error  was  well  marked,  gradually  grew 
longer  or  shorter  to  the  end  of  the  drum,  as  we  have  before 
stated. 

How  long  does  the  effect  of  practice  last?  Our  method  did 
not  permit  us  to  observe  a  longer  period  than  from  1.5  to  2 
minutes ;  the  practice  seemed  to  preserve  its  effect  with 
nearly,  if  not  entirely,  its  full  fore*  for  that  length  of  time. 

Fatigue:  A  few  experiments  were  matle  preserving  closest 
possible  attention  to  the  beats  and  judgments  for  several 
hours  at  a  sitting ;  sample  tests  of  the  judgments  were  taken 
from  time  to  time.  So  far  as  these  go,  fatigue  could  not  be 
discovered  to  have  any  effect  whatever. 

Long  Exjhrit'.nce  in  making  time  judgments  has  been 
thought  by  Mehner  and  others  to  lessen  the  Constant  Error. 
Stndy  of  the  above  experiments  according  to  their  dates  on 
the  protocol,  which  also  agree  with  the  onler  of  the  tables  as 
published,  discovers  very  uncertain  evidence  for  this  opinion, 
a  slight  probability  perhaps  inclining  in  it^  favor. 

Mr.  Stevens  noticed  in  his  work,  that  judgments  of  unusual 
length  or  shortness  are  apt  to  Ixi  correlated  in  the  following 
judgment,  **  according  to  a  standard  which  the  mind  carries, 
but  to  which  the  hand  (or  perhajw  the  will  during  the  inter- 
val) cannot  be  accurately  true."  To  a  certain  degree  the 
same  phenomenon  is  observed  in  my  charts  and  curves,  though 
I  am  rather  inclined  to  carry  back  the  cause  to  some  auto- 
matically compensating  adjustment  of  the  rhythmic  habit  or 
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fonction  of  the  nerve  centres,  than  to  the  ya^e  phrase  "  a 
standard  carried  by  the  mind.'' 

Anomalies:  Seeing  no  jnst  reason  for  the  colling  out  of 
anomalies  in  former  experimente,  I  have  permitted  none  in 
my  own.  Every  test  taken  in  the  course  of  any  regular  ex- 
periment has  been  reported  in  its  proper  plaoe,  with  the 
exception  of  a  single  trial  each,  for  three  persons,  who,  from 
nervousness  (one  was  a  young  woman)  or  lack  of  ryth- 
mic sense,  were  entirely  unable  to  catch  the  beat  of  th& 
norm  in  a  way  that  would  enable  them  to  repeat  it  with  any 
sort  of  regnlarity  or  likeness  to  the  original. 

Setmbiliti/:  Owing  to  the  enormous  labor  that  would  be 
involved  in  computing  the  Average  Error  for  so  many 
judgments,  no  investigation  was  made  by  me  of  this  factor. 
On  the  whole,  however,  I  should  say  the  nearly  uniform  re- 
unite regarding  sensibility  of  all  former  experimenters,  which 
constitute  almost  their  sole  point  of  agreement,  are  entirely 
confirmed  by  the  experiments  here  reported. 

In  closing  this  account  of  my  experiments  I  have  pleasure 
in  thanking  those  who  have  given  me  so  much  valuable  time, 
tak«i  from  their  own  University  work,  in  a<'ting  as  subjects. 
for  such  a  tedious  and  time-robbing  investigation,  and  those 
also  who  have  assisted  me  by  suggestion,  counsel  and  inspira- 
tion. 

rV.— CONCLUSIONS. 

Sensations  and  their  images  or  reproductions  have  varioua 
attributes  ;  qualitatively  tJjey  are  blue,  or  warm,  or  painful 
etc  ;  intensively  tiiey  are  strong  or  weak,  bright  or  faint,  etc. 
Duration,  or  continuation,  is  another  attribute  or  character- 
istic of  every  sensation  and  of  every  imago.  This  attribute  is 
the  ultimate  and  essential  datum  of  time.  Besides  sensations 
a&d  images,  science  infers  and  assumes  the  real  and  separate 
exSatenoe  of  certain  physical  elements,  having  fixed  (H)rrela- 
tions  with  each  other,  and  with  sensations  and  images. 
Whetlier  the  grounds  for  this  a«sumi)tion  are  acceptable  or 
not  we  need  not  here  discuss  ;  but  according  to  this  assump- 
tion, duration  or  continuing  is  also  an  attribnte  or  character- 
istic of  these  physical  elements,  and  therein  forms  a  further 
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Add  ol  tkift  Bltimtt*  uid  eAsentifll  time  datam.  Again  most'' 
pUloAopliteBy  and,  I  think,  all  reli^ons  and  all  science,  as- 
flort^  iafcr,  or  avnme  the  existence  of  some  soal  or  saper-pey • 
cliical  caase»  as  an  altimate  element  separate  from,  or  aa  a 
farther  attn'bate  additional  to.  the  physical  elements  and  the 
MBsations  and  images ;  according  to  these  ^roands  there  is 
thus  another  field  of  thi«  characteristic  time  datum.  Thns 
-oar  time  datom  is  seen  to  be  an  attribate  belonging  to,  and 
4aiMrent  in,  everything  tbat  is  conceived  to  exist.  As  such, 
alao  it  it  seen  to  be  an  oltimate  datum  ;  as  much  so  as  the 
MnCBrw.  the  chilliness,  or  the  painfnlness  of  any  sensation, 
or  tbe  existence  of  anything  at  all.  Why  things  exist  at  all, 
■or  why  their  inherent  nature  is  vhat  it  is,  we  think  to  be  at 
present  beyond  hnman  explanation.  The  fundamental  datum 
of  oar  present  explanations,  then,  we  shall  state  to  be  that 
time  is  this  attribate  of  duration  wherever  it  exists. 

This  being  the  nature  of  time,  what  constitutes  a  peroep-fl 
tioB  of  timef  Hoping  the  results  will  justify  the  use,  we 
«haU  accept  that  nomenclature  according  to  which  it  lb  said 
that  every  elementary  sensation  or  image  is  perceived  which 
prcsoota  itself  in  consciousness  at  all.  When  a  sensation  or 
imfl^  properly  occupies  the  focus  of  attention,  we  sh:iU  say 
it  is  apperceived.  According  to  this  terminology,  time  is  per- 
ceived whenever  any  sehsation  or  image  durates'  in  conscious- 
ness at  all ;  it  is  apperceived  when  the  duration  properly  oc* 
cnpies  the  focos  of  attention.  Thus  if  we  suppose  a  creature 
80  simple  as  to  be  without  memory,  and  capable  from  time  to 
time  of  bat  a  single  elementary  sensation  of  constant  quality^ 
say  a  pain,  (such  perhaps  are  some  infusoria)  we  should  say 
that  {lain  was  perceived  whenever  it  occurred  ;  we  should  not 
say  it  was  apjierceived.  We  should  also  say  such  a  creature 
perceived  time.  M 

Why  sensations  ultimately  differ  at  all,  why  some  are  red 
and  some  blue,  some  bright  and  some  faint,  or  why  some  are 
long  in  duration  and  some  short,  is  beyond  explanation.  That 
some  are  long  and  some  short  is  an  ultimate  datum,  and  no 
more  wonderful  than  that  sensations  are  diverse  in  any  other 
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way.  Bat  in  the  same  way  as  we  shall  say  of  onr  simple  crea- 
ture, that  he  perceives  his  sensation  when  it  oxiats  at  all,  and 
that  he  perceives  time  when  it  (the  sensation)  darates  at  all, 
SO  we  shall  say  he  perceives  a  certain  definite  time  when  it 
darates  in  that  certain  definite  manner.  Its  perception  is  its 
occurrence  ;  the  ultimate  nature  of  its  oocarrenoe,  constitutes 
the  ultimate  nature  of  the  perception  ;  the  definiteness  of  its 
occurrence,  of  its  inherent  nature,  cou-stitutes  the  definiteness 
of  ^lat  certain  perception.  We  know  nothing  of  the  percep- 
tion of  such  a  creature  except  by  inference  and  analogy ;  but 
in  the  same  way  that  we  should  say  his  sensation  is  painful, 
r  in  that  same  way  we  should  say  one  of  his  perceptions  was  five 
[fteoonds  long.  And  in  the  same  way  that  we  have  said  he 
Ipcrceives  time  when  his  sensation  duratea  at  all,  so  we  shall 
say  he  perceives  five  seconds  when  it  dnrates  five  seconds, 
and  perceives  one  second  when  it  durates  one  second.  But 
according  to  this,  one  thing  above  all  else  must  be  care- 
fully noted,  perception  or  perception  of  time  duration  is 
<Uteay8  a  process  and  never  a  state  ;  a  certain  definite  time  is 
a  certain  definite  process.  We  can  no  more  discover  an  ex- 
planation of  our  percepuon  of  the  duration  of  five  seconds 
alone  in  some  mysterious  momentary  mental  arrangement  or 
"tem|>oral  sign,'*  or  other  instantaneous  characteristic,  than 
we  can  discover  redness  in  bloeness ;  for  us  to  i)erceive  blue, 
there  must  be  blue ;  for  us  to  perceive  duration,  something 
must  durate ;  for  us  to  perceive  a  definite  bine,  there  most  be 
a  definite  blue  ;  for  us  to  perceive  five  seconds,  something 
mast  durate  five  seconds ;  for  us  really  to  2)erceive  a  year, 
some  definite  sensation  would  have  to  durate  a  year.  What 
takes  place  when  we  say  wo  have  an  idea  of  a  year  is  another 
matter  which  we  shall  discuss  in  its  place. 

So  also  of  series  of  sensations.  That  series  occur  at  all  is 
an  ultimate  fact  or  datura.  What  actually  occurs  when  a  se- 
ries oc<:ur8  we  shall  call  a  perception  of  a  series.  And  in  the 
same  way  as  we  can  never  peroeive  a  half-second  except 
something  durate  a  half-second,  so  we  can  never  perceive  a 
eenes  of  five  half  sec^onds  with  intervals  of  half  seconds  be- 
tween the  terms,  unless  such  a  series  occurs.  When  it  occurs 
its  entire  occurrence  will  constitute  its  perception.     Actually 
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to  perceive  euoh  a  serieB  a  year  long,  such  a  series  would  act- 
ually have  to  occur  throughout  a  full  year.  What  takes  place 
when  we  have  an  idea  of  such  a  aeries  we  shall  also  discuss 
in  its  turn. 

Neglecting  for  the  present  any  consideration  of  the  corre- 
lation between  them,  or  of  any  perception  of  such  a  correla- 
tion, all  that  we  have  said  regarding  sensations  applies  as 
well  to  images  or  reproduced  sensations  ;  really  to  imagine 
five  seconds,  some  image  must  last  five  seconds ;  fully  to  im- 
agine a  thousand  dock-ticks,  a  thousand  dock-tick  images 
mnst  pass  thi-ough  the  mind.  So  also^  fully  to  remember  a 
thousand  second-beats,  a  thousand  second-beat  images  must 
pass  in  full  mental  review. 

And  as  of  pains,  and  dock-ticks^  and  second-beats,  so  of 
all  other  mental  content  whatfioever  and  however  disparate. 
Mental  process  is  mental  perception  ;  every  definite  or  certain, 
process  or  procession  is  a  definite  and  certain  perception  ;  and 
every  definite  perception  is  also  a  definite  time  perception. 
Tet  we  must  not  forget  that  according  to  the  nomenclature 
we  are  now  using,  perception  is  not  apperception,  and  a  def- 
inite time  perception  is  by  no  means  an  apperception  of  a  del. 
inite  time;  this  we  shall  come  to  later. 

What  we  have  said  of  perception  applies  as  well  to  mem- 
ory. But  when  we  sat/  we  remember  an  occurrence,  we  sel- 
dom, and  indeed  never,  except  the  occurrence  is  short,  simple 
and  of  recent  hap]>eningr  remember  it  as  accnrately  and  fully 
as  it  actually  transpired.  That  is,  in  its  re- presentation  in 
memory,  some  of  the  items  drop  out  of  the  process,  or  rather 
fail  to  drop  into  it ;  and  the  remainder  stand  ujisuspected  for 
the  former  whole  —  do  so  for  the  very  reason  that  the  former 
whole  now  is  not,  nor  can  be  suspected  at  all,  except  in  and 
through  so  much  as  is  re-presentod.  I  may  have  spent  the 
whole  of  yesterday  listening  to  the  second  beats  of  a  clock, 
yet  I  may  quickly  remember  that  I  did  so,  without  the  entire 
day  and  each  tick  repeating  itself  in  full  or  in  any  instanta- 
neous miniature  of  fullness  in  that  quick  remembrance.  But  in 
this  quick  remembrance,  it  is  probable  the  entire  mental  pro- 
cession  of  the  previous  day  was  re-presented  alone  by  some 
momentary  flash-picture,  as  it  were,  of  myself  as  I  was  seated 


I 


I 
■ 


at  somp  partlonlariy  wtriking  moment  of  yesterday,  listenmR 
to  the  clock  ;  perhaps  this  Hfish -picture  or  remembrance 
lasted  long  enongh  to  take  in  no  more  than  two  repre. 
sented  ticks  of  the  clock  ;  p^^rhaps  to  take  in  bnt  one  ;  or  it 
may  be  that  ail  the  image-ticks  wei-e  left  out  entirely  and 
only  the  word  "  tick  "  or  **  dock"  occupied  their  place  in 
the  quick  remembrauce ;  for  snch,  it  seems  quite  certain,  is  the 
mitnre  of  much  of  our  thinking.  U  that  in  the  aliove  quick 
remembrance  which  occupies  the  place  of,  stands  for,  in- 
dicates, or  symbolizes  the  original  series  be  named  the  idea 
of  that  series,  then  the  idea  of  that  series  is  not  a  full  repre- 
sentation of  that  series  in  any  way.  And  it  is  plain  also  that 
we  have  in  such  an  idea  no  such  occurrence  as  that  described 
by  Herbart,  or  Mr.  Ward,  or  any  of  those  who  conceive  that 
Ml  idea  of  a  series,  or  of  succession,  or  of  time,  must  bo  some 
sort  of  instantaneously  painted  picture  presenting  the  whole 
length  of  the  time  or  of  the  series  in  a  simultaneous  perspec- 
tive. Indeed  if  needed  at  all,  there  would  seem  to  be  needed 
as  much  such  an  instantaneous  sidewise  view  of  the  duration 
of  the  simplest  sensation  and  of  the  briefest  part  of  time  in 
order  to  perceive  tiiat  it  durate  at  all,  as  to  perceive  that  it 
dnratea  for,  say,  five  seconds.  The  classic  question  therefore 
whether  the  idea  of  succession  is  or  is  not  a  succession  of 
ideas,  in  so  far  as  the  question  is  one  as  to  whether  the  idea  is 
a  longitudinally  passing  procetts,  or  a  sidewise  presented  n/ate^ 
may  as  well  be  fought  ont  with  reference  to  the  nature  of  any 
original  seusation  and  for  the  briefest  temporal  portion  of  it, 
as  with  reference  t-o  any  train  or  series  of  such  sensations. 
Whether  a  sensation,  an  image,  or  a  series  of  such,  it  does  not 
matter  ;  the  pertinent  question  is,  do  we  perceive  the  length 
of  any  duration,  however  long,  by  theproceits  of  that  duration 
itself,  or  by  some  non-processional  representative  statef  The 
chief  arguments  or  suggestions  I  have  been  able  to  formulate 
or  to  find  formulated  for  the  '"state"  theory,  all  root,  it 
teems  to  me,  in  the  delusive  catch-phrase,  "  We  can  not  now 
perceive  something  that  is  rt'oZ/y  j3rt«^  therefore  our  percep- 
tion of  past  must  be  a  present  perception,  i.  e.  a  state."  But 
this  phrase  is  a  series  of  verbal  mis-statements  and  bad  logic 
from  beginning  to  end  ;  we  do  not  **  noiv  "  perceive  this  some- 
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thing,  whatever  it  is,  but  so  far  as  T  can  discover  we  '*  now- 
now-now-now  "  jjcrcelve  it?  we  <ia  not  Htand  still  ami  look 
along  the  line  to  measure  this  past  in  a  perspective  view,  but 
7*r/H  along  the  line  as  it  were  (a  new  lino  representing  the  old) 
to  measure  it  inch  by  inch,  or  present  by  present,  by  a  moving 
process  over  again  ;  nor  is  this  sometiiing  that  we  re-measare 
a  *'  really  past,"  nor  in  the  absolute  sense  do  we  /r-meaaure 
at  all;  but  the  ''reallj*  past"  and  the  original  measuring 
both  gone  forever,  a  new  represent^Uion  of  the  gone  past  and 
a  new  measuring  of  the  new  representation  happen  *'  brand- 
new  ;  "  happen  in  original  repredtntation  of  them,  though  not 
In  re.pn^seniation  of  them.  All  this  being  so,  our  phi-ase 
carried  out  in  goofl  logic  should  read  **  We  ran  iiof  '  now  '  per- 
ceive something  that  is  really  past,  Uierefore  our  '  pei'W'ption 
of  past'  must  not  be  a  present  perception,  ;*.  e.  mux/  be  a, pro- 
cess. On  the  other  hand,  the  evidence  for  the  opposite  or  "pro 
oess"  explanation  seems  to  me  consistent  and  even  positive. 
I  think  that  every  one  who  will  observe  his  own  mental  pro- 
cess when  he  seeks  to  measure  or  to  realize  the  length  of  any 
dui-ating  sensation  or  its  representation  in  memory,  will  easily 
observe  that  be  never  fully  perceives  or  rcmemlvers  the 
length  instantly  or  even  approxinmtcly  so  ;  unless,  of  course, 
the  duration  is  itself  instantaneous  or  approximately  so.  On 
the  other  hand  I  think  any  one  will  easily  convince  himself  that 
/uUt/  to  perceive  or  to  remember  the  length  of  its  representa- 
tions, these  representations  must  stretch  themselves  out 
through  an  equal  process  and  lapse  of  timp  as  did  their  orig- 
inal occurrence.  '  Quick  ideas '  of  the  miture  described  above 
may  delusively  flash  ujx>n  us  with  approximate  instantaneons- 
ness,  but  never  a  full  and  complete  idea,  and  the  time  occu- 
pied by  the  idea  will  be  proj>ortioual  to  its  completeness. 

Another  evidence  iu  favor  of  the  process  and  against  the 
*' state"  explanation  lies,  we  think,  iu  the  following  facts. 
The  items  of  a  long  stries,  say  the  detailed  events  of  a  past 
hour,  never  are  fully  represented  to  ns.  It  is  easy  to  account 
for  this  according  to  the  process  theory ;  many  of  these  de- 
tails fail  to  reappear,  and  as  the  serial  n^appeai-ance  of  those 
which  do  reappear  is  oar  sole  suspicion  of  their  presence,  or 
of  their  order  of  appearantie  past  or  present,  so  of  tliose  which 
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fail  to  appear,  we  at  the  font  have  no  suspicion  of  their  ab- 
sence or  ol  the  fact  that  they  ever  existed.  At  some  other 
time  ve  may  remember  further  details^  and  also  remember 
thia  abbreviate*!  memory,  and  so  become  aware  that  we  have 
dropped  items  from  the  latt4>r.  But  according  i-o  the  "  state  " 
theory,  it  is  difficult  to  conceive  why  those  causes  which  give 
the  proper  perspective  to  any  part  of  a  series  where  no  items 
are  gone,  sliould  not  give  the  proper  perspective  to  those 
items  which  do  appear  in  a  series  when  some  items  do  not  ap- 
pear, aud  why  such  a  perspective  state  would  not  have  much 
such  an  aspect  as  the  perspective  of  a  picket-fence  where 
some  of  the  pickets  are  on  and  some  off.  I^'or  must  we  im- 
agine such  a  conscious  running-over  of  yesterday's  incidents, 
as  one  in  which  we  skip  or  jump  from  one  incident  to  the  other 
and  almost  feel  the  shocks  occasioned  by  gaping  items,  to  be 
just  such  a  broken-fence  perspective  as  we  above  describe. 
Surely  such  a  series  of  shocks  are  a  process  and  not  a  simnl- 
taneons  state,  even  if  we  are  conscious  of  the  gaps  ;  but  how 
we  come  to  he  conscious  of  the  gaps  in  this  running  perspec- 
tive, is  a  complex  question  entirely  separate  from  the  one  un- 
der present  consideration,  and  one  wo  shall  hope  to  throw 
light  upon  later.  That  we  do  not  have  simultaneous  picket- 
fence  perspective  with  pickets  visibly  ofi,  that  is  with  per8i>ec- 
tive  gaps  belonging  to  lost  itnms,  is  quite  evident  in  our  at- 
tempts to  recall  the  precise  number  of  ticks  in  a  given  series 
just  heard  ;  where  as  those  who  have  had  mach  experience 
mast  obeerve,  they  frequently  with  confidence  think  they 
recall  the  whole  series  perfectly  aud  with  no  consciousness 
of  gaps,  though  there  are  gaps. 

We  ai-e  inclined  to  conclude  therefore  that  by  the  same  pro- 
cess that  we  perceive  the  duration  of  any  smallest  part  of  any 
siogle  sensation,  by  precisely  the  same  nature  o(  process  we 
perceive  the  duration  of  any  sensation  however  long  and  of 
any  series  however  long  ;  that  the  duration  of  the  sensation 
or  series,  the  perception  of  the  dnration,  and  the  perception 
of  the  length  of  the  duratiou  are  one  and  identical ;  that  the 
duration  is  au  ultimate  datum,  and  no  more  capable  or  need- 
ful of  other  explanation  or  of  further  analysis  than  the  blue- 
Bees  of  a  blue  spot. 
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But  perception  of  the  length  of  a  sensation,  the  appercep- 
tion of  \t»  length,  and  the  i>eroeption  and  apperception  of  its 
len^h  as  measui*ed  by  some  other  sensation,  are  different 
inatt<»rs  altogether,  as  also  are  so-caUe<l  perceptions  of  past, 
pHs-^ent,  and  future,  and  of  other  definit-e  time  relations,  and 
of  dates  ;  all  of  whieh  we  mnst  now  consider. 

More  oft-en  than  otherwise  those  definit«  sensations  which 
come  through  the  focus  of  the  eye  are  those  which  determine 
the  immediately  following  ideas ;  with  great  frequency  these 
sensations  definitely  persist  long  enough  to  associate  for 
some  time  with  the  ideas  which  they  call  up.  With  less  fre- 
quency the  definite  sensations  of  hearing,  tonch,  smell,  and 
80  on  down  the  scale,  determine  the  immediately  following  as- 
sociations. Fre<iuently  very  obscnre  sensations  such  as  a  red 
spot  at  the  very  edge  of  the  field  of  vision,  or  the  temperature 
of  our  teeth  direct  the  association.  Or  ptrhaps  as  often  as 
otherwise  the  particular  mental  group  which  determines  the 
association  is  not  a  sensation  or  procession  of  sensations,  but  a 
definite  group  of  images  or  procession  of  images  which  we  may 
call  an  idea.  Whatever  group  it  is  that  determines  the  succeed- 
ing association,  that  gronp  we  say  occupies  the  focus  of  atten- 
tion, the  tt^rminology  l>eing  evidently  derived  from  the  fact  that 
the  focus  of  vision  is  so  frequently  also  the  focus  of  appercep- 
tion. Apperception  is  complete  association ;  tJie  ot)ject  of  asso- 
ciation is  always  the  object  of  apperception,  and  the  object  of 
attention.  The  foons  and  the  object  are  always  identical. 
When  we  ajijierceivo  anything  we  couple  it  witli  its  most 
usual  associations,  that  is,  memories  of  its  own  attributes, 
qnalities,  and  characteristics.  This  kind  of  association  t>  ap- 
perception. Time  is  apperct»!viMi  when  any  prwess  of  dura- 
tion occupies  the  focus  of  attention,  is  the  object  of  associa- 
tion, and  calls  up  durative  associations ;  that  is,  memories 
whose  characteristics  are  particularly  of  the  duration  qnality 
or  nature. 

We  muftt  %t\th  OREATEBT  care  distincfuUh  betioten  perceiv- 
ing fimt  and  apfkrcfiriuf;  time  rthfifni. 

Perceptions  of  relation  are  commonly  supposed  to  be  in- 
volved  in  the  very  core  of  the  indissoluble  mystery  of  the 
unity  of  the  mind.      We  are  deeply  aware  of  the  importance 
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of  the  subject,  yet  we  have  been  driven  to  saspect  that  the 
secret  of  perceived  relations  is  to  be  found  in  that  they  are 
assodatlTe  processes  of  the  apperceptive  degree  or  nature 
and  not  simultaneous  states.  This  subject  is  not  our  main 
qaestion  and  we  shall  discuss  it  but  iu  so  far  as  is  necessary 
for  our  explanation  of  time  relations.  If  two  tones  precisely 
alike  in  quality,  intensity,  and  length,  begin  precisely  together 
and  end  together,  no  n^ation  will  be  i>erceived  Iwtween  them. 
If  one  begins  perceptibly  before  the  other,  relations  will  ap- 
pear.  Without  some  qualitative  or  some  intensive  chanye 
there  can  be  no  temporal  relation.  The  occurrence  of  the 
ch:uige  in  the  qualitative  or  intensive  nature  of  the  perception 
in  the  perception  of  the  relation  ;  and  in  the  same  way  as  it  is 
noi  st:>uie  necessary  sidewise  simultaneous  perspective  that 
constitutes  perception  of  homogeneous  duration,  but  the  ever 
flowing  attribute  of  duration  itself,  therefore  we  suspect,  that 
every  perception  of  temporal  relation  is  fundamentally  the 
actual  procession  of  one  term  of  dellnite  quality  or  intensity 
followed  ■without  gap  by  another  term  of  difierent  quality  or 
luteasity;  that  actually  to  perceive  any  definite  time  relation 
or  change,  such  must  actually  transpire ;  andfully  to  imagine 
or  to  remember  such,  the  corresponding  representation  of  it 
mnrit  again  pass  through  the  mind  in  full  review.  \Vit>hout 
qnalitative  or  intensive  change  no  series  oould  occur;  such 
change  is  the  essential  characteristic  of  a  series  ;  the  change 
makes  the  series.  Fully  to  perceive  the  relations  of  the  terms 
of  a  series  the  full  series  must  be  experienced  either  in  orig- 
inal occurrence  or  in  representation.  To  pei-ceive  that  ABC 
D  occurs  iu  the  relations  a  b  c  d  it  must  occur  in  these  rela- 
tions. To  i>erceive  that  B  is  after  A,  A  must  happen,  then  B. 
To  peroeiro  that  A  is  before  D,  A  must  happen  beiore  D. 
To  apperceivc  these  relations  is  eometbiug  quite  difierent. 
To  perceive  that  D  is  present  and  that  ABC  are  gone,  A  B 
G  must  come  and  go  and  D  must  come ;  the  apperceiving  of 
the  presence  of  D.  or  of  the  gonene.ss  of  A  B  C,  or  of  the  rela- 
tion of  the  presence  of  1)  to  the  goneness  of  A  are  other  mat- 
ters that  need  much  elucidation. 

To  apperceive  D  it  must  occur,  stand  in  the  focns  of  the 
mind  and  call  up  inui^^es  representing  its  qualities  and  nsaal 


associations ;  to  npperceive  it  as  prei<cnf^  it  must  call  np  the 
idea  *  present '  ;  the  apperceiveU  relation  of  D  to  the  Present 
is  the  occnrrence  of  D  followed  by  some  idea  of  "the  Present." 
For  us  to  understand  this  relation  we  most  understand  *nhe 
idea  of  the  Present.'*  The  word  •*  present'*  is  one  that  we  as- 
sociate with  the  continued  presence  of  any  mental  content, 
or  more  strictly  s]>eiikinf;  with  the  durative  procession  of  that 
content  through  the  mind ;  thus  we  can  assoc^iate  the  word 
with  a  passing  image  as  well  as  with  a  passing  sensation ; 
but  most  commonly  the  word  Present  associates  itself  with 
the  bodily  group  of  mnHationH  which  we  call  self  and  with  the 
environmental  sensations  which  hapx)en  to  be  present  at  the 
moment  that  we  are  so  apperceivlng  'the  Present.'  Thus 
when  we  apijerceive  U  as  pn'sent  the  process  that  nearly  al- 
ways occurs  is  something  as  follows  :  first  D  itself,  then  the 
word  '*  present,'' then  some  durating  procession^  most  prob- 
ably  some  sensation  procession  of  our  body  or  our  surround- 
ings at  the  particular  moment.  The  length  of  this  last  asso- 
ciated durative  procession  is  variable  ;  in  quick  apperceiving, 
as  in  quick  remembering  it  may  he  little  more  than  the  word 
'  present '  alone ;  or  it  may  l>e  the  quick  flash  of  some  mental 
duration  even  without  the  word  *' present." 

But  while  on  this  subjwt  we  must  not  let  words  confuse 
several  distinct  data.  Strictly  the  perceived  Present  is  the 
content  of  any  perception  at  the  time  of  its  occurrence;  is 
that  occurrence  itself.  Similarly  the  apperceivtd  Present  is 
the  occurring  object  of  apperception  ;  that  which  directs  the 
association.  But  to  apperceive  the  Present  that  is,  to  apper- 
oeive  the  mental  content  actually  occurring  ajt  the  Present, 
that  is  again  to  peraMve  its  relation  to  the  Present,  this  occur- 
ring content  must  call  ui>,  and  be  associated  with,  the  idea 
"Present";  that  is  very  likely  with  the  word  "present"  fol- 
lowed by  some  dm-ating  procession  very  probable  to  be  a  con- 
tinuation  of  the  surrounding  stream  which  was  the  object  of 
apperception  from  the  beginning;  in  other  words  the  apper- 
ception of  the  Present  t.**  the  Present  is  nsnally  but  a  sustain- 
ed association  of  the  wonl  "present"  with  the  progressive 
flow  of  the  sensations  within  ns  or  from  aroiind  us.  The 
chanfje  which  reveals  the  relation,  that  is,  the  change  which 
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constitutes  the  i-elatiou,  in  so  far  as  a  relation  is  a  psycholo^- 
cal  oconrronoe,  is  the  changf*  occasioned  by  the  dawning 
appearance  of  the  associated  idea. 

So  innch  for  the  Present,  for  apperceiving  the  Present  afi  the 
Present,  and  for  apperceiving  D  as  present;  now  for  the 
'goneness '  of  A,  B  orC — the  Past.  Strictly  speaking,  men- 
tal content  has  no  Past  and  no  Future ;  they  are  only  while 
they  art*,  mid  their  existence  is  like  a  iiiatheuiatically  moving 
pointp  or  speaking  of  the  total  content,  is  like  a  plane  moving 
at  right  angles  to  itself.  What  then  is  this  moving  proces- 
sion by  which,  as  we  say,  we  have  knowledge  of  the  Pastf 

From  what  we  have  discovered  regarding  Pi-esent,  we  may 
snspect  that  perception  of  Past,  perception  of  past  relation 
or  relationship,  ai>i)erception  of  Past,  and  apperception  of 
past  relationship  arc  all  different  matt^i*s.  As  the  existence 
of  any  temponvl  portion  of  any  mental  content  constitutes  a 
perception  of  Present,  so  the  relation  of  its  existence,  consti- 
tutes a  perception  of  Past.  In  order  to  perceive  Past,  some 
sensation  or  image  m\i»t  cca-se  ;  whenever  any  such  ceases,  we 
perceive  Past ;  th6  ceasing  of  the  perception  is  the  perception 
of  Past;  di<i  no  perception  ever  cease  we  should  never  per- 
ceive or  know  anything  whatever  regarding  Past,  or  past- 
nesSf  or  about  f/ie  Past. 

To  have  a  perception  of  past  relation,  a  relafion^  that  is,  as 
we  have  explained,  a  vhawjc,  must  occur.  To  perceive  a  tem- 
poral rflatiou  between  A  and  B,  B  must  Imj  different  from  A, 
and  to  perceive  the  relationship  the  relationship  must  oceur; 
and  we  shall  perceive  whtUover  occurs,  and  we  shall  perceive 
it  as  it  owurs,  while  it  ocenra,  and  in  its  occurrence  ;  and  we 
shall  onitj  perceive  what  occurs  and  while  it  occnrs,  and  in  its 
oocurrence.  To  perceive  A  before  B,  A  must  occur  and  B 
succeed.  To  perceive  B  after  A,  A  must  occur  and  B  succeed. 
The  jH^rcepiionA  of  the  i*elation,  A  before  Band  B  after  A,  are 
identical  because  the  relationship  A  l)efore  B  is  the  relation- 
ship B  after  A.  The  apjitrceptions  described  by  these  two 
phra^s  we  shall  discover  may  be  qoito  diflerent. 

For  an  apperception  of  Past,  the  cessation  of  some  sensa- 
tion or  image  must  call  up  some  idea  of  Past,  of  something 
ceasing ;  striking  or  familiar  ezamples,  those  which  most  for* 
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cibly  impress  memory,  are  those  most  likeij/  to  be  called  ap  ; 
yet  the  least  poHsible  flitting  perception  ot  something  oeas- 
in^  would  Huflice  for  tJie  aAsocaated  idea;  or  even  merely 
some  word,  such  as  **  past,"  **  gone,"  etc. 

When  we  come  to  apperception  of  past  relationships^  we 
arrive  apon  confa^lng  and  difficnlt  jrronnd ;  not  becaose  the 
etwential  and  typio^  process  is  diflerent  from  ail  odier  apper- 
ception, but  because  the  asaoeiated  ideas  are  so  varied  in 
number  and  kind^  and  our  uses  of  language  so  loose  and  delu- 
sive. First  we  must  uot«  that  an  apperception  of  Past  is  not 
an  apperception  of  past  relationship.  For  example,  A  may 
ooxiupy  the  focus  of  attention  and  its  cessation  call  up  asso- 
ciations of  ideas  of  pastness.  In  this  case  B  did  not  occur  at 
all,  and  in  the  associations  brought  up,  the  pictures  are  ot 
single  terms  ceasing.  This  is  apperception  of  Past.  But  to 
apperceive  any  temporal  rtiation  A.  B^  the  change  A  B  must 
occupy  the  focus  of  attention  and  its  occurrence  call  up  by 
association  some  idea  of  relation  ;  that  is,  some  mental  pict- 
ure of  change,  some  a  followed  by  some  b. 

Our  space  will  not  allow  us  to  analyse  all  the  apperceptions 
of  temporal  rolationships  of  past,  nor  is  it  ncccssar}'  to  do  so ; 
a  few  important  types  wiU  give  the  key  to  all.  Perhaps  the  most 
crucial  in  the  whole  time  problem  is  that  which  takes  place, 
when,  as  we  say,  we  perceive  that  something  is  of  the  Past; 
a  moment  ffi/o  I  knocked  on  my  table  so  hard  that  it  hurt; 
I  beanl  the  knock  and  then  felt  the  pain.  What  in  my  men- 
tal prootMM  conKtitutes  this  *'ago-^  f  Clearly  the  "  ago"  is  a 
relationship  with  some  present.  But  what  sort  of  relatiou- 
shipf  a  i>oroeived  or  an  apperceived  onef  And  with  what 
present!  Is  it  with  "  now-now-now-now  "  ?  Or  are  we  to 
speak  of  some  particular  '•  now,"  that  **  ?iOw"  is  not  "now" 
at  all,  but  08  we  shall  see  a  mere  idea  of  **  now."  When  I  felt 
thtf  iMiiii,  I  was  not  thinktufj  aljout  its  time  relations,  that  is  I 
was  not  apperceivlng  such.  I  did  ptrceivt  tlie  time  relation 
of  the  sound  to  the  pain  ;  I  did  not  apperceive  it.  It  is  quite 
possible  that  a  repri-si'iitutioii  of  that  sound  may  pop  into  my 
head  again  immp*Iiately  aft^?r  actually  hearing  a  similar 
sound ;  I  shall  tbou  i>crceive  a  time  relation  between  that  re- 
presentation and  that  sound,  but  I  shall  not  necessarily  ap- 
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percfive  any  time  relation  between  them ;  whether  I  do  or 
TUif  mil  dejtend  on  whether  the  occurrence  deternmies  the  sub- 
seqnetU  curre7tt  of  aimociation  ;  and  the  kind  of  relation  that 
may  fje  apperceived  will  depend  upon  thekhtd  of  a»Hociatimis 
that  are  called  vp.  Suppose  I  do  hear  a  similar  sound  at 
some  future  time  of  my  life,  and  by  some  favorable  condition 
determined  by  my  surroundings  or  thoughts  at  that  time,  a 
I'epreAontation  of  the  former  sound  and  of  all  its  surroundings 
at  its  time  of  occurrence  be  by  association  again  brought  into 
the  focus  of  apperception  ;  that  having  thus  sprung  into  mind 
by  association  tliey  should  then  dominate  and  determine  by 
association  the  next  and  following  course  of  apperception  and 
so  on.  What  takes  place  here  Is  a  present  sound  like  a  for- 
mer sound,  followed  by  a  repi^sentation  tbatis  like  it  and 
also  like  a  former  sound,  followed  in  turn  by  a  panoramic  1*6- 
presentation  of  that  certain  stretch  of  my  past  life  that  hap- 
pened when  I  struck  the  table,  heanl  the  original  sound,  felt 
the  pain  and  so  on.  Thus  far  there  is  in  all  this  no  apper- 
ceived "ago,"  no  apperceived  time  relation,  merely  this  pan- 
oramic representation  of  the  Past  is  passing  through  my 
mind  ;  I  have  not  yet  apperceived  or,  as  we  say  In  ordinary 
language,  I  have  not  yet  recognized  that  it  m  the  Paat ;  no  least 
thought  of  the  temporal  relation  of  all  this  panorama  nor  of 
any  part,  of  it,  not  even  of  the  represented  knock,  to  the  Pres- 
ent may  have  yet  occurred  to  me.  What  shall  we  say  so  long 
as  this  panorama  goes  on  and  no  direct  time-relation  to  the 
Present  is  thought  oft  Shall  we  say  all  this  is  nothing  but 
imaginationT  This  qnestion  1  think  brings  us  to  one  of  the 
most  usoal  sources  of  confusion  for  our  entire  subject.  Usual- 
ly we  do  call  just  such  panoramas  as  this  memories,  and  re- 
membrance, whether  we  do  actually  stamp  their  dat«  upon 
thorn  and  think  their  "  ago,"  or  their  "  how  long  ago  "  or 
not.  The  vast  majority  of  the  representations  of  those  things 
which  have  happened  but  a  moment  or  a  few  moments  before, 
ve  have  no  need  to  date  and  do  not  date.  The  stream  of 
thought  or  appenieption  into  which  they  rise  is  not  one  re- 
garding time  relations  or  time  characteristics,  or  time  reoog- 
DltioD.  For  instance,  had  I  been  writing  an  explanation  of 
pftin  instead  of  time,   the  same  panorama  of  the  table,  my 
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hand  moving  toward  it,  the  thump,  the  pain,  would  have  oc- 
curred as  now  when  I  writ^  of  time ;  but  from  this  point 
insteAd  of  a  train  of  assooiations  of  time  nature  being  set  go- 
ing, a  tniin  of  pain  relations  would  have  l»een  set  going;  that 
is  T  should  have  :ii)peri'eived  pain  and  not  time.  The  mere  pas- 
sage of  past  panoramas  throngh  the  mind  in  no  way  oonBti- 
tates  a  recofjniHon  that  they  are  of  the  Past,  or  of  how  long^ 
they  are  past.  Presently  I  shall  show  the  difference  between 
imagination  and  this  sort  of  undated,  unrecognized  memory  ; 
we  are  now  examining  dated  memories,  and  we  wish  to  know 
in  what  this  dating  consists  over  and  above  the  mere  passing 
picture.  From  what  wc  have  discovered,  this  should  be  com- 
paratively well  under8too<l.  First  regarding  the  knock  we 
may  merely  think  of  it  pn^t^  without  bringing  in  the  Present 
or  any  particular  time  relation  ;  that  is  we  may  merely  apper- 
ceive  it  pajtt :  in  this  case  its  image  or  representation  will 
merely  bring  up  in  apperceptive  process,  ideas  of  Past;  the 
image  of  the  thump  will  cease  and  ceasing  images  will  follow  ; 
perhaps  the  representation  of  the  knock  will  continue  to 
occupy  the  centre  of  the  stage  for  some  time,  will  continually 
go  through  the  process  of  ceasing  and  of  setting  associated 
images  to  ceasing ;  and  for  the  time  the  whole  play  will  be  a 
regular  variety  perfonuauce  of  ceasing,  while  we  may  or  may 
not  be  saying  all  the  time  or  repeating  all  the  while  to  our- 
selves the  words  *  past,  past,  past ' ;  or  '  thump  past,  *  '  thump 
past ';  or  if  we  had  been  less  engrossed  with  the  particular  per- 
formers, any  portion  of  it  might  have  sufficed  ;  a  single  '*  tum- 
ble" or  cessation  of  the  first  comedian  Thump  himself,  fol- 
lowed by  a  tumble  or  two  of  the  associated  company;  or  if  even 
less  engrossed,  a  men*  glimpse  of  Thump  followed  by  the  woixl 
"past"  wonld  have  completed  the  theatrical  bill.  This  is  the 
simplest  form  of  apperception  of  the  relation  Past;'  ihe 
change  is  that  fi-om  the  ceasing  thump  representation,  to  the 
associated  ceasing  representations ;  the  paitfness  lies  in  the 
relational  change  to  the  associated  idea  of  ceasing^  and  this 
idea  is  composed  of  the  associated  ceasing  rei>resentation8. 

Next  wc  may  apperceive  that  the  thump  happened  before 
the  pain  ;  here  *  Thump  then  Pain,'  *  Thump  then  Pain  '  will 
be  the  chief  theatrical  performance,  in  imitation  of  the  origi- 


actual  occurrence  \  il  we  arc  not  in  a  critical  mood  this 
iitomime  may  suffico  even  without  the  word  *'l>efore'-  ; 
the  repetition  of  the  main  performance  may  constitute  the 
idea ;  or  if  we  are  more  reflective  and  exacting,  the  whole 
company  may  be  called  out,  and  tlie  whole  stage  be  set 
whirling  witJi  mimio  and  peek-a-boo  representations  of 
'beforeness.- 

The  *'  show,'*  for  apperception  of  the  fact  that  the  pain  hap- 
pened after  the  thump,  wonld  differ  little  from  the  last  above. 
Pain  here  wonld  come  on  to  the  stage  first,  making  the  bow,  as 
it  were,  that  introduces  the  *•  show,"  instead  of  Thump,  as  pre- 
viously, and  he  will  probably  make  an  extra  bow  between 
each  alt^raatinff  bout  between  him  and  Thump,  just  to  make 
sure  that  we  keep  our  eye  mainly  on  him  ;  and  every  time  he 
makes  such  a  bow  he  (or  we)  will  aay  '* after,'*  or  to  speak 
more  soberly,  the  word  **  after  ^*  will  say  itself  by  asso- 
ciation, instead  of  the  word  **  before  "  saying  itself. 

Tlie  play  by  which  this  Thump-Pain  representation  is  apper- 
ceived,  i.  e.  thought  of  in  relation  to  the  moving  Present,  may 
now  be  easilj'  understood ;  we  here  no  longer  look  alone  at 
the  stage,  but  we  take  in  the  whole  view  around  us,  from  our 
body  outward  and^  as  well,  from  our  body  inward.  Tbump- 
Pain  are  the  chief  actors  bn  f/ie  iu/ter  stage  as  before;  they 
are  the  Jfrtft  objects  of  apperceptiou  from  which  the  course  of 
tfaonghtA  wanders  momentarily  down  among  the  audience, 
that  is  to  our  actual  •  now-now-now  '  surroundings,  and  in- 
ward to  our  own  tiodily  sensations  and  even  to  attention  to  oar 
own  thOQghts ;  but  now  and  anon  our  focus  of  att^ention  flita 
bacJc  from  these  actual  Presents  to  Uie  show  'Thump-Pain,* 
again  viewed  on  the  mimic  stage  of  memory.  And  as  we  have 
said  of  simple  apperception  of  Past,  so  of  this  process  of  apper- 
ception of  *  haN^ng  happened  before  the  Present.'  ileif  the 
I^y  may  l>e  longer  or  shorter  according  as  we  are  more  or  less 
reflective  ;  a  twinge  of  neuralgia  may  suffice  for  the  moving 
Present,  with  or  even  without  the  word  '*  present"  or  **  now"; 
and  a  single  bow  from  Thump  or  Pain»  that  is  a  single  memory 
Image  of  these  may  suffice  for  their  remembrance,  or  there 
may  follow  a  full  apperception  of  '  Thump-Pain  i>ast,'  that  Ib 
of  the  ceasing  of  the  thump  and  of  the  pain,  as  described 
above. 
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We  have  now  described  what  takes  place  when,  as  we 
say,  we  think  of  a  thing  or  event  as  past,  and  when, 
as  we  Bay,  we  think  of  something  as  of  the  Past;  that 
is,  past  with  reference  to  the  moving  present.  But 
particular  time-relations,  such  as  yesterday,  last  week,  a  year 
ago,  ten  minates  since,  remain  to  be  discussed.  Bat  as  this 
brings  op  the  subject  of  mfaaured  time,  let  us  postpone  these 
for  a  word  concerning  so-called  pei-ceptions  of  Future.  As  the 
fundamental  sign  of  every  idea  of  Present  is  the  amtinuatioa, 
and  that  of  every  idea  of  Past  is  the  cfasntion  of  some  represent- 
ing image,  so  the  fundamental  sign  or  characteristic  of  every 
idea  of  the  Futui-e  is  the  beginning  of  the  representing  asso- 
ciated images.  When  I  think  of  the  Future  of  things,  I  think 
of  them  as  beginning.  As  I  go  over  a  familiar  way,  memories 
of  the  path  ahead  of  me  Iwyond  my  view  keep  riHtng  in  ray 
mind  and  constitute  the  foundation  of  expectation.  If  I  ap- 
perreive  these  expectations,  as  exjiei'tations,  the  associations 
are  those  of  the  act  of  expectation,  jtlus  the  panoramas  of  the 
path.  In  this  case,  i  enter  into  the  '*show,"  the  whole  moving 
action  of  my  bodily  feelings  while  I  sit  here  or  walk  there  and 
expect;  that  is,  certain  holdings  of  the  head,  wrinkling  of  the 
brows,  laying  my  finger  to  my  chin,  or  the  like ;  meanwhile 
the  stage  show  goes  un,  t-he  i)erformanc«s  now  being  emphati- 
cally those  of  the  '*  beginning"  nature  or  plot,  togetlier  with 
little  mimic  side  pantomimes  of  myself  in  the  acts  and  experi- 
ences of  expecting;  also  the  orchestra  plays  "futui-e'* 
"future-'  the  while,  or  anon,  plays  **  expectation"  '*  expecta- 
tion," and  the  panorama  of  the  path  ahead  of  me  moves  on  in 
ever  beginning  glimpses.  Apperception  of  Future,  and  ap- 
perception of  the  future,  are  similar  to  the  apiK*roeption  of 
expectation,  and,  I  think,  need  no  further  explanation  than 
may  be  derived  from  the  above. 

Bub  how  do  we  measure  time  length,  and  measure  *'how 
long  ago,"  and  *'how  long  uutilT  "  When  speaking  of  our 
simple  CTeature  capable  of  but  a  single  const^iut  sensation,  we 
Raid  that  when  his  pain  lasted  five  seconds,  he  perceived  the 
length  of  five  seconds,  and  when  it  lasted  one  second,  he  per- 
ceived the  length  of  one  second.  We  distinctly  declared  he 
did  not  apperceive  either  length,  and  from  what  we  have  said 


of  chanpe  and  relations  it  is  rlpar  that  I  have  not  conceived 
that  this  creature  perceived  relations  of  any  kind ;  ueitUer  re- 
lation of  difference  nor  of  number.  Here  we  mnst  be  most 
cai^fTil  not  to  let  our  customary  use  of  language  and  our  com- 
mon processes  of  thought  designated  by  common  l»n)L:nage, 
confuse  ns  as  to  the  actual  elementary  processes  of  mind  which 
we  never  experience  singly,  and  for  which  consequently  we 
have  no  common  or  definite  designations  ;  and,  what  ii  more 
oSTial,  have  no  definite  or  apperceived  conceptions.  Until 
some  one  op#*ne<i  our  understanding  to  the  matter,  we  went  on 
deladedly  imagining  that  we  saw  distance  throngh  rod-and- 
eoDe  processes,  the  same  as  we  did  blueness ;  now  we  discover 
that  what  we  call  aetint/  distance  is  cliiefly  not  seeing  at  all. 
It  is  prol>ably  the  same  with  all  the  ultimate  elements  of 
MOBatioD  ;  Prof.  Wtindt  reminds  ns  that  we  never  experience 
them  singly,  and  so  with  great  difficulty  arrive  at  any  concep- 
tion of  what  each  or  any  one  element  singly  of  itself  is  like,  or 
what  its  varioQs  attributes  are  like.  We  should  bo  prepared 
therefore  to  oomj)rehend,  sinc«  apperception  of  length  and  of 
number  is  not  perception  of  length  or  of  number,  and  again 
i*inc<'  perception  of  difference  of  length,  and  difference  of 
munber.  (these  all  Involving  changes  and  relations)  are  not 
nare  plain  perception  of  length  and  perception  of  nnmb*'r,  we 
should,  we  repeat,  yet  be  prepared  to  comprehend  that 
perception  of  five-seconds  length  is  not  in  ultimate  na- 
ture the  same  as  i)erception  of  one  second  lengtJi.  That 
there  ts  a  difference  here,  we  think  it  comparatively  easy 
to  demonstrate,  tliough  it  is  quite  certain  that  we  do  not 
ordinarily  apperceive  the  difference,  that  is,  do  not  form 
and  associate  ideas  of  it  with  its  occurrence.  It  is  prob- 
ablcy  in  our  ordinary  apperceptions  of  time  length,  tliat  the 
a«M>ciated  ideaMoflenfjf/t,  which  make  up  the  api>erCfption, 
are  those  representations  or  memories  of  muscular  tensions, 
temal  stpet<?hings  or  joint  pullings,  which  fnndaracntnllyare 
tlie  oomponent«  of  our  ideas  of  motion  ;  consequently  has  per- 
eeption  of  time  tteen  so  commonly  founded  on  perception  of 
BotioD,  from  Aristotle  down  to  present  psychology.  There  is 
tttfle  doubt  that  the  intensive  changes,  which  are  the  churac- 
xiwlatitii  of  these  motion  sensations,  are  the  striking  and 
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characteristic  componcntj*  of  thoa**  associated  ideas  which  enter 
into  our  ordinary  apperct'ptions  of  time  len^h.  Bat  we  must 
not  fail  to  note  that  tJiese  cbangen  are  not  the  only  components 
of  these  ideas,  a)id  that  these  imajro  processions,  and  also  their 
prototype  original  processions,  are  not «// change;  there  must 
be  duration  without  change  in  order  for  duration  with  change 
to  be  possible.  And  in  the  same  way  that  we  continually 
perceive  changes  difierent  in  degree  of  change,  without  fly»/>er 
ceiving  any  difference,  so  it  is  proljable,  and  I  think  certain, 
that  we  continually  perceive  durations  of  different  lengths 
without  apperceiving  their  differeuce.  For  example,  of  onr 
simple  creature  I  think  one  should  now  have  no  difficulty  in 
conceiving  how  there  might  and  would  l>e  a  difference  between 
his  perception  of  a  five-second  pain  and  his  subsequent  per- 
ception of  a  one-second  pain,  and  5'et  this  creature  never  per- 
ceive the  difference ;  that  is,  might  not  have  any  relational  idea 
of  such  a  change,  as  we  might  And  to  constitute  the  process 
of  perceiving  or  apperceiving  difference. 

Prepared,  therefore,  not  t^  confound  actual  difference  with 
perception  of  difference,  let  us  examine  these  matters  more 
closely.  We  found  that  duration  and  change  are  ulti- 
mate daUi  ;  we  shall  also  discover  that  differences  of  duration 
are  also  ultimate  facts.  We  shall  never  discover  why  ulti- 
mately these  differences  are  differences,  but  given  these  dif- 
ferences, we  shall  discover,  I  think,  how  we  come  to  perceive, 
and  finally  to  apperceive,  these  differences,  and  in  what  these 
pi-ocesses  consist.  Carefully  considering  the  matter  in  the 
light  of  tlie  exjwrimenta  reported  in  Chapter  III,  I  have  been 
led  to  suspect  that  this  perception  and  apperception  of  dura- 
tive  differences  may  rise  in  two  ways,  which,  for  convenience, 
I  shall  here  designate  as  the  single  method,  and  as  the  multi- 
ple method.  These  experiments  emphasized  the  fact  long  be- 
fore determined,  that  our  so-called  memory  images  are  depend- 
ent upon  certain  reproductive  haOif  processes  of  our  nervous 
and  bodily  organism.  Were  it  not  for  these  '* habits''  we 
should  have  no  menior>\  My  experiments  emphasized  fhe 
degi^ee  to  which  (he  validity  of  correlation  between  thenc  so- 
called  memories  and  their  orir^inaljt,  depends  upon  tJte  validity 
of  these  organic  habit  processes.    If  the  habit  is  not  accurate, 
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ae  memory  will  not  be  laithful,  althomjh  tee  ahafl  not  have  the 
fieas^i  K^ispicinu  (hat  it  is  imt  faithful.  The  truth  is,  the 
memory  muy  bo  altogether  diJHei*enfc  in  temporal  leugth  from 
the  original  t-eruporal  k^ngth  witliont  our  perceiving  or  recog- 
nizing^ their  difference,  or  suspeecing  anything  about  such  a 
diflerence  ■whatever.  Nothing  can  bring  out  more  clearly  than 
this,  that  actual  difference  does  not  constitute  recognition  of 
^-difierence,  and  that  perception  and  api>erceptiou  and  recogni- 
tion of  difference  are  all  some  sort  of  processes  quite  different 
Ironi  and  additional  to  mere  actual  difference  of  occurrence. 
To tif/jitrceivt tht'.s*^ ilij^'erfnreSj  they  tituftt,  t^t/a/fsoctatiou, bring 
np  certain  qualitative  ideas  and  ideas  of  difference. 

We  do  not  yet  know  positively  the  particular  portion  of  the 
brain  organism,  whose  rhythmic  reitei-ative  habits  are  chiefly 
responsible  for  memory ;  it  is  sufficient,  however,  for  our  pres- 
ent purposes  that  it  is  Home  particular  portion  of  nerve  organ- 
isation, which,  for  convenience,  I  shall  here  designate  in  ac- 
cordance with  present  probabilities,  as  the  central  nerve  cella. 
My  experiments  demonstrate  tJiat  when  these  cells  functionate 
with  reiterative  temporal  accuracy,  our  time  judgments  are 
accurate,  and  as  their  habit  vai-ies  or  is  disturl)ed,  our  judg- 
ments vary  correspondingly.  We  have  also  to  observe  how 
fre<iucncy  and  lateness  of  original  occun-ence  form  and 
influence  this  iterative  habit.  W^e  have  tlien  to  note,  that 
immediately  after  the  occurrence  of  a  definite  sensation, 
which  previously  has  been  frequently  repeated,  say  the  tick 
of  a  metronome,  two  forces,  or  to  speak  more  accurately,  the 
tendencies  of  two  processes,  ai-e  contending  against  each  other 
in  the  production  of  tlie  succeeding  memories  ;  aud,  iuileed,  as 
well  in  the  production  of  the  succeeding  Hennalitm.^  tlieuiselves. 
The  cells,  liotb  those  whi<-h  fuuctiouate  the  memories  and 
those  which  functionate  the  tick  sensation,  (be  they  the  same 
or  not,  we  do  not  know)  tend  on  the  one  hand  to  follow  the 
rhythm  to  which  they  have  previously  been  trained,  tuned  or 
accustomed,  and  on  the  other  hand,  to  adopt  a  new  rhythm  in 
corresi»ondence  to  the  rythmic  impulse  then  and  there  received 
from  the  metronome.  Not  only,  therefore,  is  the  result  likely 
to  be  ever  a  compromise  between  the  two,  and  our  sensations 
i«t  different;  times  aud  under  various  conditions,  likely  to  vary 
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from  the  flrtual  metronome  rhythm  and  from  earh  other,  but 
quite  possibly  another  result  of  more  peculiar  natrire  may  also 
happen  from  and  dnrin^  this  contention  of  tendencies.  For 
instance,  suppone  the  metronome  to  be  l)eatin^  quarter  sec- 
onds and  the  cells  to  have  been  tuned  or  adjusted  by  preced- 
ing practice  according  to  the  method  of  our  experiments  to  sec- 
ond beats.  Plainly  by  the  law  of  association  and  habit,  the 
first  stroke  o!  the  metronome  sets  going  the  tendency  of  the 
cells  to  perform  their  second-tjeat  representations;  and  conse- 
qnently  the  imjinlses  sent  in  from  thesncceeilmg  second,  third 
and  fourth  Iteats  of  the  metronome  will  find  the  cells  in  a  dif- 
ferent condition  than  did  the  first  beat.  Precisely  what  would 
be  the  nature  of  the  result  of  this  contention  or  dislurl^anee  of 
the  regular  order  of  things,  or  what  the  diflereuoe  between  this 
and  the  case  where  the  old  habits  of  the  cells  should  be  entirely 
overcome  by  the  new  influence,  or  where  the  cells  from  the  be- 
ginning were  accurately  a<ijuBte<l  to  the  beat  coming  from  the 
metronome,  is  difficult  to  say.  It  is  well  to  note,  however, 
that  this  condition  of  contention  between  new  and  old  influ- 
ences or  habits  is  the  osnal  condition  rather  than  the  excep- 
tion ;  and  that  any  i>eculiarity  of  sensation  or  feeling  which 
shonld  result,  as  is  very  likely  to  result  from  such  a  struggle, 
might  be  a  very  important  factor  in  time  measurement.  Not 
that  such  a  peculiarity  or  temporal  sign  would  of  itself  alone 
constitute  appercepfivn  of  time  length,  but  reprodnceii  rep- 
resentations, or  repetitions  of  these  different  temporal  signs 
among  the  associations  constituting  the  apperceptive  after- 
train  of  ideas  called  up  by  actual  time  differences,  may  be 
definite  and  determining  data  in  such  apperceptions  of  differ- 
ent time  lengths.  And  in  consequence  of  these  contentions 
also,  and  of  apperceptions  which  they  determine,  it  is  quite 
possible  that  in  the  original  occurrence  of  familiar  sensations 
we  may  have  indefinite  cognizance  of  **too  short"  or  "too 
long"  rcitbont  dejinife  memory  or  apperception  of  that  in  re- 
lation to  which  it  is  short  or  long;  it  is  quite  possible  that 
these  definite  memories  sometimes  are  and  sometimes  are  not 
then  called  up  by  these  apperceived  signs.  In  short,  during  the 
original  occurrence  of  a  series  we  may,  as  it  were,  appei*ceive 
a  general  abstract  dofinibeness  of  length  or  of  time  difference  or 
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relation,  withont  its  being  followed  by  concrete  definiteness  ;. 
that  IB,  we  may  apperceive  that  it  Ib  definite  without  apper* 
ceiving  its  full  definiteness,  for  snch  subtle  tricka  are,  by  no 
means,  psychically  uncommon.  Should  that  which  we  have 
tried  t^  describe  be  true,  those  theories  which  have  sought  to 
explain  time  relations  and  time  perceptions  by  "temporal 
signs  ' '  or  a  disparate  sense  would  have  herein  some  founda- 
tion of  analogy. 

Bat  more  frequently  perhaps  are  the  rudiment's  of  time 
meaAnrements  to  be  discovered  in  a  method  difierent  from  the 
above.  Should  an  image  occur  simultaueously  with  its  cor- 
responding sensation,  the  two  beginning  and  ending  precisely 
together,  this  equality  of  their  length,  would,  in  accordance 
with  our  foregoing  nomenclature,  constitute  the  perc^eption  of 
their  equal  length.  Without  fuller  description,  we  may  under- 
stand how  by  association  this  perception  would  rise  to  apper- 
ception, and  thence  to  apperception  of  their  temporal  equality. 
Similarly,  If  the  image  and  sensation  were  of  unequal  length, 
we  may  comprehend  how  this  would  rise  to  apperception  of 
their  inequality.  Again,  if  equal  temx)oral  neries  of  simul- 
taneous sensations  and  memories,  or  yec  again,  unequal  tem- 
poral series  of  such,  occur,  we  may  also  prefigure  how  these 
get  apperceived,  and  what  will  constitute  the  nature  of  such: 
apperceptive  processes.  But  t>efore  we  speak  finally  of  snolt 
processes,  a  wonl  must  l>e  said  as  to  apperception  of  number, 
in  order  fully  to  elucidate  how  we  apperceive  a  sensation  to 
denote  no  many  untV«,  or  to  be  so  many  times  longer  than 
another. 

For  four  sensations  to  be  perceived,  four  sensations  must 
occur  ;  for  these  to  be  apperceived,  the  idea  of  four,  i.  e.,  the 
word  **four,"  or  some  four  image  reproductions,  or  both  the 
word  and  the  four  reproductions  must  be  added  in  proper  ap- 
perceptive process  thereto.  So  of  any  other  number  of  sensa- 
tions or  images.  This  is  the  key  to  the  simple  apperception 
of  numl>er.  A  sensation,  four  seconds  long,  may  occur  suc- 
cw^ded  by  four  difiercnt  sensations,  each  one  second  long ;  by 
oar  first  method  of  measuring  time  length,  combined  with  the 
apperceptive  process  of  number,  we  may  understand  how  we 
arrive  at  an  apperception  of  one  sensation  being  four  times  the 
length  of  another.  Or  a  sensation  four  seconds  long  may  occur 
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simultanftonsly  with  four  senRafcions,  each  one  second  long; 
and  80  by  the  second  method  of  time  measurement,  combined 
with  the  apperceptive  process  of  number,  these  would  rise  to 
apperception  of  the  one  as  four  times  the  length  of  the  other. 
And  so  on  with  other  multiple  namber-measurings. 

Before  leaving  finally  this  subject  of  habit  rhythm  and  time 
measurement,  a  word  more  re^rdinjf  those  theories  which  have 
found  in  our  main  unconscious  bodily  rhythms,  suchas  breath- 
ingf  pulse- beat,  and  leg-swing,  standard  rhythmic  measures  of 
our  time  judgments.  We  have  pointed  out  as  objections  to  these 
theories,  that  we  hare  no  reason  to  conceive  why  one  such 
unconscious  process  should  dominate  as  a  standard  more  than 
any  other ;  yet  for  all  to  contril)ute  such  unconncioas  diatm*- 
bances  wonid,  indeed,  so  we  must  think,  lea^i  rather  to  indis- 
criminate confusion,  than  to  standard  discrimination ;  such 
views,  moreoA-er,  run  quite  contrary  to  the  selective  advan- 
tages of  unconscious  reflex  actions,  which,  by  relieving  con- 
sciousness of  all  such  disturbing  vital  processes,  have  made 
our  conscious  processes  distinct  and  intelligible.  Also  we 
have  mentioned  that,  according  to  the  theories  of  breathing 
standards  and  the  like,  it  would  seem  that  we  ought  to  have  a 
more  lively  and  accurate  conception  of  the  definite  length  of 
such  processes  as  breathing  than  of  any  other  duration  lengths 
or  rhythms,  while,  as  a  notorious  fact,  we  do  not;  but  rather 
those  rhythms  which  we  most  customarily  hear  are  those  which 
most  vividly  rise  up  with  accuracy  and  as  standards.  This 
brings  us  to  the  point  on  which  we  wish  to  lay  further 
emphasis ;  and  for  tliis  we  would  note  that  the  particular 
function,  to  which  our  conscious  centres  seem  to  be  differ- 
entiated in  contradistinction  from  the  reflex  unconscious  cen- 
tres upon  which  our  vital  processes  depend,  lies  in  just  tlieir 
power  and  tendency  to  adapt  themselves  to  the  multitudinously 
time  varied  outer  impulses  to  which  consciousness  is  to  cor- 
respond, and  whose  purjKJse  it  is  to  represent;  their  very 
peculiarity  consists  in  diffei^entiation  to  outward  susceptibility 
rather  than  like  the  unconscious  reflex  vital  nerve  centres  to  a 
particular  inward  rhythm  approximately  undisturbed  by  outer 
Influences.  Nor  must  the  fact  shown  by  our  experiments,  that 
nnusual  frequency  of  repetition  by  the  coneciovs  cells  of  im- 
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polties  received  from  without  t«nds  to  perpetuate  Bach 
panicular  time  rhythms  or  habit<s  to  the  temporary 
detriment  of  accurate  judgments  of  other  rhythms  or  time 
len^s  received  fi-om  without,  be  counted  aj^ainat  this  view, 
bnt  rather  for  it ;  for  if  there  were  no  tendency  for  these  cou- 
BdOQS  cells  accurately  top  reserve  their  habit  of  repeating  the 
occurrences  from  the  outside,  which  were  their  original  proto- 
tj-pes,  there  would  never  be  any  accurate  time  memories  or 
images  of  our  sensations  at  all,  in  fact,  no  rational  memory 
whatever.  The  whole  cerebral  and  central  nervous  organism 
B«ems  a  happy  adjustment  of  fixity  of  habit,  not  too  fixed^  and 
Kuseeptibility,  not  too  susceptible.  There  would  seem  reason 
from  d  priori  gi-ounds  to  suspect,  therefore,  that  which  from 
observation  seems  to  be  the  case,  that  our  standards  of  time- 
measurements  are  memories  of  cei-tiuu  most  striking  rhythm- 
ical, habit-indu<4ng,  and  oft-occurring  outer  occurrences, 
such  as  the  particular  length  of  watch  or  clock  ticks,  which 
we  are  most  at^customed  to  hear ;  the  sounding-hours ;  the 
varying  lights  and  shadows  of  morning,  noon  and  night;  the 
peculiar  Sundaynesa  of  Sunday  and  Mondayness  of  Monday; 
the  varying  seasons  ;  perhaps  also  as  we  have  surmised  vague 
tcm|>oral  signs  or  admonitions  of  passing  moment's  and  as  well 
of  passing  years. 

After  all  the  foregoing,  it  seems  unnecessary  particularly  to 
explain  apperception  of  snch  time  relations  as  "yesterday," 
"to-morrow,"  'Mast  week,"  **a  week  hence,"  *'a  year  ago," 
or  ''t«n  minates  ago  ;  "  these  terms  are  but  particular  words 
associated  with  particulai'  time  occurrences  and  number  meas- 
urements, which  rise  into  more  or  less  extended  and  definite 
proccftsos  of  apperception  of  such  relations,  according  to  our 
reflectiveness  of  mood  or  passing  mental  circumstances. 

We  have  seen  that  much  of  our  thinking  is  comprised  of 
image-trains  representing  past  occurrences  to  which  we  attach 
no  date  ;  which  we  do  not  think  of  or  apperceive  as  of  the  Past 
at  all ;  that  is,  which  we  do  not  actually  recoffiiiz^  sa  of  Qib 
Past  or  as  ever  having  been  seen  l>efore.  We  have  to  repeat 
that  in  our  belief  some  of  the  chief  confusions  of  psychology, 
and  as  well  of  philotiophy,  come  from  commonly  mistaking 
this  mere  passage  before  as  of  trains  that  are  correspondent 
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to  former  trains  for  those  mental  processes  which  do  properly 
constitute  psychological  recognitioQ.  It  is  carious  to  uot<e  that 
those  metaphysicians  and  psychologists,  who  most  stickle 
against  the  possibility  of  any  real  recognition  of  any  non-psy- 
chical real  world,  most  unsuspiciously  build  their  systems  upon 
fancied  real  recognitions  of  past  sensations  in  so-called  pres- 
ent representations  of  such.  Tlie  truth  is  that  in  the  absolute 
sense  we  do  not  any  more  recognize  sensations  in  their  image 
representations  than  wc  recognize  real  things  in  their  sensa- 
tional representations.  Until  it  dawned  upon  the  human  mind 
that  its  former  so-called  recognitions  of  an  outer  world  could 
all  be  explained  without  the  real  existence  of  such  a  world,  no 
one  snsi>ected  the  rvality  and  validify  of  these  recognitions  j 
we  now  all  admit  such  so-t^led  rtn^ognitions  to  be  but  psychic 
processes ;  the  validity  of  these  processes  and  recognitions  is, 
and  we  think  must  for  a  long  time  be,  a  subject  of  debate.  We 
here  wish  only  to  poiut  out  that  these  parallel  recognitions, 
so-called,  of  former  sensations  are  likewise  but  psychic  pro- 
cesses,  the  validity  of  which  is  as  much  open  to  suspicion,  as 
inferred  and  as  hypothetical  as  that  of  the  so-called  recognitions 
of  a  real  world,  and,  indeed,  vastly  more  so ;  for  how  com- 
monly are  onr  most  confident  memories  mistaken,  and  our 
insane  and  hypnotic  eubjects  engulfed  in  hallucination. 

Still  more  is  this  ti'cth  forced  upon  as  when  we  comprehend 
the  details  of  these  processes  of  so-called  recognition  ;  when 
we  clearly  understand  the  psychological  difference  between 
imagination  and  so-called  recognition.  II  ever}*  one  of  ng 
through  life  were  but  rational  every  alternate  minnte  and 
insane  turn  and  turn  about  every  other  minnte,  there  would 
be  no  difference  between  imagination  and  reality.  The  grounds 
for  onr  present  belief  in  some  real  difference  lies  in  the  con- 
stancy of  onr  belief  itself,  and  when  we  come  to  examine  into 
it,  we  find  this  belief  is  a  hypothesis,  an  inference,  and  no 
positive  knowledge.  But  what  then  are  the  grounds  for  this 
hyi)OthesisT  Plainly  not  in  any  simple  direct  cognitive  act 
or  state.  We  have  sure  reason  to  believe  that  our  ordinary 
so-called  perception  of  time  relation  is  not  a  peculiar  disparate 
state,  but  an  apperceptive  process;  and  similar  analysis,  I 
think,  discloses  to  us  that  recognition  is  a  similar  appercep- 
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tive  process,  and  that  imagination  i»  still  another  nnch  a  pro- 
oces.  The  difference  between  imagination  and  recognition  liea 
first  in  a  marked  difference  in  the  character  of  the  thought's 
which  form  the  objective  process  of  the  apperceptions,  that  is, 
to  which  the  associated  Ideas  are  added  in  the  two  cases  ;  and, 
secondly,  in  the  character  of  these  added  or  associated  ideas 
or  processes.  And  a.s  it  is  tlie  nature  of  apperceived  associa- 
tions to  be  of  like  character  to  the  objects  of  ap2>erceptioD,  we 
shall  find  that  the  difference  between  the  associated  ideas  In 
onr  two  cases  corresp>onds  in  characteristics  to  the  original 
difference  between  the  objective  processes  themselves.  What 
then  is  this  fundamental  difference  between  Imagination  and 
reality  f  We  can  only  answer  with  an  hypothesis,  and  this 
hypothesis  is,  that  all  things  do  occur  In  a  fixed  order,  that  all 
occurrence  is  a  fixed  order;  that  not  all  this  occurrence  ia 
perceived  by  us  ;  that  certain  of  the  total  occurrences  of  the 
universe  result  in  fixed  and  definite  infinences  upon  our  brain 
organism ;  that  like  causes  produce  like  results  \  that  like 
stimulations  produce  like  sensations;  that  like  series  of  stimu- 
lationH  are  followed  by  like  series  of  seusatlous ;  that  these 
physical  stimulations  are  alike  and  these  corresponding  sensa- 
tions arc.  alike,  though  the  mere  occurrence  of  their  likeness 
by  no  means  constitutes  onr  recognition  of  this  likeness ;  that 
owing  to  the  peculiar  nature  of  our  physical  organism  and 
particTilarly  of  our  central  nervous  organism,  whereby  physi- 
cal processes  tend  to  repeat  themselves,  certain  representa- 
tions or  rex>etitions  of  sensations  corresponding  to  these  pro- 
cesses in  certain  characteristics  do  tend  to  occur  whenever  these 
physical  processes  do  repeat  themselves ;  that  the  accuracy 
and  scope  of  complexity  of  temporal  corre8i>ondenc©  between 
these  representative  processes  and  their  originals  depends 
entirely  upon  the  habit  validity  of  these  physical  reiterative 
processes ;  that  our  recognition  of  this  validity  and  cor* 
respondence  does  not  consist  in  some  super-added  cognitive 
act  over  and  above  those  psychic  processes  which  correspond 
to  these  reiterated  physical  processes,  but  {9  entirely  depend- 
tnf  xtpouy  and  to  be  exptained  by^  a  hypofheticaUy  actual  cor- 
rt»pond€ivce  orlikenesa  0/ these  reiterative  processes^  bothphy- 
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ificni  and  ptn/chical,  to  former  processes  ^  physical  and  psychi- 
cal; finally,  and  again,  that  not  even  the  mere  validity  of  this 
corrcKpondenoe  alone  comprises  '^recotfnition,'*  but  that 
recognition  is  a  psycholo^<»i  process,  the  validity  of  which 
rests  npon  the  validity  of  such  correspondence.  Oar  hypoth- 
esis is  that  the  events  of  our  lives  do  happen  in  a  single 
definite  actual  order,  which  so  impresses  itself  upon  our 
memoxy  organism,  that  by  proper  associative  incitement,  this 
order  tends  actually  to  be  repeated.  It  is  true  that  this  same 
memory  organism,  lacking  theHe  major  associative  incitements, 
forma  secondary  associations,  and  these  tertiary,  and  so  on 
almost  to  infinity ;  and  in  proportion  to  the  frequency  in  which 
these  minor  associations  occur,  and  in  proportion  to  their 
kinship  to  original  occurrences,  do  they  also  tend  to  rise  in 
association  processes.  These  minor  and  less  constant  associa- 
tions are  the  basis  of  imagination  ;  "  imagination  "  is  a  word 
which  we  associate  with  these  incoiisiani  flights  of  association  ; 
"reality,"  "actual,"  are  words  we  associate  with  the  main 
constanthf  reappearing  stream  of  association.  The  funda- 
mental difference  between  imagination  and  recognition  lies  in 
the  fact  that  the  iterative  habit  of  our  nervous  organism  is  so 
susceptible  to  original  outer  influences  and  so  accurate  and  per- 
sistent in  repeating  these,  that  they  ever  do  remain  a  com- 
paratively unbroken  series  in  representation,  while  those 
series  which  happen  not  by  any  outward  actual  order  of 
incitement,  but  by  secondary  associations  of  portions  of  those 
primary  series,  do  not  persist  in  like  unbroken  representation. 
If,  by  any  chance,  a  new  link  can  be  fastened  into  the  original 
or  actual  memory  order  with  the  same  associative  firmness 
and  strength  as  an  actual  occurrence  wonld  have  been,  then 
such  will  actually  appear  to  l>e  reco^ized  as  actually  having 
occurred  and  psychologically  will  be  so  "  recognized."  Liars 
who  frequently,  actively  and  consistently  enough  practice 
their  ima^nary  associations,  do  eventually  arrive  at  such 
psychological  "  recognitions  ;  "  all  of  us  at  times  suffer  such 
hallucinatory  remembrances,  and  actually  believe  we  did  so,  or 
so,  or  that  such  and  such  happened,  when,  actually,  they  did 
not  \  and  the  hallucinations  of  the  insane  and  the  hyxmotic  are 
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confirmative  of  onr  hypotheHiR.  Tmagination  is  inconstant 
memory ;  remembnince  is  constant  memory.  As  we  hare  said 
both  these  processes  commonly  go  on  without  conscious  recog- 
nition of  the  fact  that  we  are  imagininff  or  are  recognizin<f> 
When  these  last  processes  occur,  simply  the  bodily  act  rises 
to  the  focna  of  apperception ;  and  in  apperceiving  the  *'  act  of 
imagination,'-  ima^nnative  ideas,  that  in,  incoostant  memories 
are  called  up  and  flit  before  the  mind  ;  while  in  apperception 
of  the  "act  of  recognition/*  portions  of  the  constant  train  of 
memory  are  called  up  to  constitute  the  apperceptive  associa- 
tion. 

Let  us  summarize  the  foregoing :  Our  simple  creature  re- 
ceived series  of  like  sensations,  but  he  did  not  recognize  them 
to  be  alike.  So  we,  if  incapable  of  memory,  should  experience 
often  repeated  sensations,  but  should  never  recognize  them  to 
be  the  same.  Even,  if  endowed  with  memory,  we  should 
never  recognize  a  constant  actual  series  of  life's  events,  did 
not  life's  events  happen  in  a  single  definite  order.  Onr  actual 
remembrancer  are  representations  which  do  follow  the  actual 
order  of  original  events.  Our  imaginations  are  representa- 
tions which  do  not  follow  the  original  order.  The  validity  of 
onr  imaginations  and  of  onr  recognitions,  depend  alike  and 
absolutely  ujwn  the  degree  of  faithfulness  with  which  the 
neural  processes  which  produce  them  correspond  to  the  neural 
processes  which  produced  the  original  psychic  events. 


Briefly  stated,  the  final  result  of  this  protracted  investiga- 
tion of  the  time  problem  is  as  follows : 

The  general  consensus  of  past  and  of  current  opinion  is  that 
time  perception  must  alone  be  accounted  for  within  some 
peculiar  simultaneous  psychic  state,  and,  according  to  most 
authors,  by  some  x>ecniiar  and  disparate  form  of  consciousness, 
in  addition  to  our  stream  of  ordinary  sensations  and  their 
representative  images. 

The  conclasion  which  we  offer  is  that  the  processes  of  our 
environment,  of  our  bodily  organism,  and  of  the  sensations 
and  images  which  correspond  thereto,  are,  in  themselves, 
within  the  limits  of  the  Insoluble  mystery  of  the  existence  of 
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any  physical  or  psychical  existence  at  all,  a  sa  fficient  explana- 
tion of  time-psychology,  and  that  time  perception  cannot  be 
explained  by  any  single  state  or  disparate  sense,  bntcan  alone 
be  acoonnted  for  as  a  process.  The  bearing  of  the  experi- 
ments of  Section  III  npon  these  conclnsions,  and  of  the  con- 
dnsions  upon  the  experiments  is  obvious.  The  author  is 
oonsdous  that  neither  the  one  nor  the  other  exhanste  the  topic, 
and  will  be  content  if  they  draw  closer  attention  and  study  to 
the  habit  relations  between  neural  and  psychic  pboobsses. 


Approved  as  a  Thesis  for  the  Degree  of  Doctor  of  Philosophy  in  Psy- 
chology at  Clark  University. 

G.  STANLEY  HALL. 

Worcester,  Mass., 

Friday,  May  Ist,  1891. 
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I.— NERVOUS   SVSTEM. 

Report  of  six  leotureH  on  eerebrul  loc&llzatlon,  delivered  tn  BoHtont  by 
Da.  Henry  II.  1>onai.i>son,  bt-fore  the  Boston  Medico- rsychologi- 
chI  Society^  Febraary  and  March,  1S91.  From  notes  by  T.  L. 
BoltOD. 

It  wua  the  aim  of  these  lectures  to  show  the  bearing  of  the  more 
rt'c«Dt  anatoniioal  tnvestlgatiODs  on  the  question  of  cerebral  localization, 
ntther  than  to  give  a  full  account  of  the  subject- 

Lecture  I. 

Otntlemen ;— I  shall  open  this  course  with  a  statenient  of  some 
recent  advances  in  our  kuowledf^e  conoerniug  the  structure  of  nerve 
cells  and  nerve  t1bcr<a,  and  the  reLitiou  of  the^e  to  oue  another.  The 
advance  hue  come  about  by  the  lutroductlon  of  a  [lew  methoit,  which  is 
due  to  the  Italian  hi»tologlst.  Golgl.'  To  the  labors  of  Golgl  and  bis 
Spanii>h  pupil.  Hamon  y  (JaJaL*  Is  due  the  discovery  of  the  roost  Impor- 
t&nt  points  which  are  to  be  described.  As  everyCliiog  depends  upon 
the  validity  of  the  method  employed,  I  will  briefly  state  its  eBsentUl 
ch&racter.  The  method  of  CioJgl  outlines  the  nerve  cell  and  it*  prolon- 
fs-tioni*  by  moans  of  a  deposit  or  precipitate  which  U  formed  just 
outside  of  these  structures,  and  occupies  the  lymph  space  which  sur- 
rounds them.  The  deposit  is  an  Inorganic  preclplciite  of  a  stiver  or 
mercury  salt,  and  forms  m  dense  incrustratlon  about  the  nerve  elements. 
Further  details  are  not  necessary  here.  The  ref^ult  of  this  reaction  Is  to 
outline  the  nerve  elements  In  black  ou  a  tight  background.  The  Infer- 
ence is  that,  where  this  incrustation  goes  there  goes  a  prolongation  of 
the  cell.  On  thifi  a»Runipcion,  which  appearit  In  the  main  well  founded, 
depends  the  entire  Higolncance  of  the  method.  Golgi's  first  result  was 
Uut  the  axis-cylinder  prouess  from  the  nerve  cells  w&n  branched. 
CLoter  exftmlnatfon  of  axl(«-cyltuder  proce^i^e^  Indicated  that  they  might 
becroaped  tn  two  classes;  flr.-«t,  those  in  which  the  branchtug  waH  not 
somctent  to  obscure  the  identity  of  the  main  prolongation;  second, 
tbo«e  In  which  the  main  prolongation  divided  into  manv  branches  soon 
after  leaving  the  cell,  and  thus  Tost  its  Identity  and  fa  tied  out.  In  the 
dorsal  comoa  and  in  the  so-called  sensory  regions  of  the  cerebral  hem- 
lapberep,  this  second  ty]}e  of  cells  was  found  whereas  the  tlrat  type 
appeared  lu  the  ventral  t-ornua  of  the  cord,  and  In  nun-scn^ory  portions 
ox  the  cortex.  From  this  general  distribution,  Oolgl  was  led  to  deslg- 
nat«  the  cells  of  the  first  type  &s  motor  and  those  of  the  second  as 
sensory.  To  the  axis-cylinder  of  the  second  type  Kamon  has  added 
wmc  very  suggestive  details  in  that  he  finds  the  smallest  branches  of 
tfacM  prolongations  surrounding  In  certain  cases  cells,  a.  y..  the  cells  of 
Purklnje  In  the  cerebellum,  and  enclosing  them  like  a  basket.  This 
manner  of  tennln^itton  of  the  ultimate  branches  of  the  axis-cylinder 
appears  parttcuUrty  well  developed  in  the  instance  clt«d,  but  It  further- 
more appears  to  be  the  usual  manner  In  which  such  branches  end  when 
tbey  teru^nate  In  the  neighborhood  of  nerve  cells. 

Besides  the  prolongations  which  come  from  nerve  cells  lying  within 

1  Oolrl :  SuIU  Hoa  Aoatnmia  (J«icll  Ornnf  Ontral«  dal  Btst«nia  NArmao,  IIH. 
1  A.  Kalllkar.  ZellMOir  t.  WUmo,  Zool.  Band  4»  u.  hi. 


lU 


PSYCHOLOGICAL  LITEKATUBS. 


the  central  nervonB  svBtem,  the  dorsal  comoa  of  the  spinal  cord  are 
fllled  with  K  TDBAh-work  of  a  ^Imilhr  ohanicter,  which  Is  due  to  a  break- 
log  up  of  Ibe  axis-cyliuder^  of  the  dorsal  roots.  All  the  aeasory  fibers 
of  the  central  fiyRtom  appear  to  come  from  the  splnat  ganglia  or  homol- 
ogons  etructures,— the  nb«r3  of  the  optic  nerve  are  alone  the  possible 
exceptions  to  this  rule.  It  will  b«  seen  from  this  arrangement  that  the 
Bensory  celt  of  the  older  hlscologlsU — meaning,  thereby,  a  cell  situated 
In  the  dorsal  cornua  and  nendlnK^  an  axls-«ylinder  ttirough  the  dorsal 
nerve  roots  to  the  periplierj-— fitida  no  place.  It  has,  rhercfore,  been 
thought  best  to  modify  the  ti^rminology  so  that  by  stMisory  cutis  are 
zneant'those  forming  the  spinal  ganglia  aud  giving  origin  directly  to  the 
sensory  fibers.  Motor,  or  eflerent,  is  the  terms  retained  for  Golgl's 
cells  01  the  tlrat  type;  but  the  cells  of  the  second  type^  which  be  termed 
sensory,  are  perhaps  better  designated  as  central. 

While  our  Intcren  has  been  specialty  attracted  to  the  axis-cylinder  pro- 
cess. It  may  be  wpII  to  point  out  that  the  protopltismic  prolongations 
of  the  nerve  cells  have  been  brought  out  by  this  method  with  nnusual 
distinctness  and  detail,  and  since  they  cannot  be  seen  to  unite  with  one 
another  nor  to  give  rise  to  nerve  fibers,  the  question  has  been  raised 
concerning  their  function,  and  the  general  conclusion  Is  that  they  must 
be  looked  upon  as  nutritive.  I  wish  for  a  moment  to  leave  the  nerve 
cell  and  to  take  up  some  recent  results  relatlne  to  the  histolory  of  nerve 
fibers.  We  have  in  the  mednllated  nerve  fiber  an  axis-cylinder  sur- 
rounded by  a  Pbeath  of  somewhat  complex  structure.  The  axla- 
cyllnder  Is  the  portion  of  the  fiber  which  interests  us  at  this  moment. 
TTiere  are,  roughly  speaking,  two  views  concerning  Its  structure.  One 
which  has  been  ably  advocated  by  Nansen'  looks  upon  the  axU-cyllnder 
as  a  mesh- work,  in  the  cavities  of  which  is  to  be  found  a  plasma,  and 
thia  plasma  Is  the  active  substance  in  process  of  conduction.  The 
second  view,  which  has  recently  been  elaborated  by  Boveri,' considers 
the  axis-cylinders  as  made  up  of  a  number  of  fibrillar  floating  in  a 
plasma.  These  flbrllla;  are  considered  as  unbranched  and  as  continuous 
from  the  nerve  cpII  to  the  terniinutlon  of  the  axlA*cTlindcr  proceits  to 
which  the  cell  gives  rise.  If  we  look  upon  the  Hxis-cyllnder  prolotiga- 
don  aa  made  up  of  these  flbrlllH-,  then  the  braoohtng  of  the  axls-cvlinder 
is  to  be  interpreted  as  the  giving  off  of  small  bundles  of  fibrtirae.  In 
considering  the  manner  in  which  the  nerve  fibers  arise  from  the  nerve 
cell,  I  may  allude  to  the  recent  observations  of  Ills'  on  the  devclonmcnt 
of  the  spinal  ganglia  In  man,  which  show  that  the  well-known  T  pro- 
cess of  Ranvier,  by  which  the  cells  of  the  spinal  ganglia  are  joined 
with  the  nerve  fiber,  is  a  derived  struct»rt!.  These  cell?  originate  as  bi- 
polar nerve  celltj,  similar  to  such  as  are  fouad  in  lower  vertebrates.  In 
the  course  of  development,  however,  the  two  poles  from  whlcii  the 
nerve  fibers  originate  gradually  approach  and  finally  fuse  with  one 
another,  thus  giving  r\ie  to  the  stem  of  the  Tt  one  branch  of  which 
runs  centrally  and  the  other  toward  the  periphery.  In  the  hands  of 
Kamon  the  methods  of  Golgi  applied  to  fietal,  or  very  young  animals, 
in  which  the  nerve  fibers  were  only  in  part  medullated,  ha*  devplnp«u 
some  startling  results  coocerniag  the  branches  of  ocrv<»  libers.  The 
net  work  which  Golgl  observed  in  the  dorsal  cornua  of  the  spinal  cord 
was  the  final  tenuiuatiou  of  the  dorsal  root  fibers,  Ramon  has  now 
shown  that  as  soon  as  the  fiber  enters  the  cord  It  divides  into  two 
branches,  one  running  cephalad,  the  other  caudad.  That  these  two 
branches  give  ofi"  fnrUier,  branches  at  right  anfcles  to  their  courae, 
which  have  been  called  collateral  fibers,  and  that  It  Is  the  termination 
of  these  collaterals  which  gives  use  to  the  mcah-work  already  men- 

1  Tlio  Rtmctture  of  tli«  Rlstolorloal  EIeni«Dte  of  the  OntnU  Nervoui  System.  Bergen, 
18»7. 
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3  ArchlT.  f.  AuU  a.  PhjTSloL,  ISM. 


FSTOHOLOOIOAL  LITEBATUBE. 


11& 


tloned.  Thene  collaterali,  however,  are  not  confined  to  tMa  rroup  of 
fibers  alone,  but,  as  tt  appear?,  may  be  found  ariBlnf^  from  nbent  in 
Almof  t  any  part  of  the  cord.  This  rather  starillup  result  Lb  difficult  to 
explain,  if  we  consider  that  the  medullary  sheath  of  the  inedullated 
flb«n  in  the  cnni  Is  iinbrok<'n  throughout  U%  eiteut.  The  recent  obser- 
vations of  Porter'  show,  however,  thiit  there  are  nodes  of  Kanvter  in. 
Uiese  fibers  in  the  Aplnn)  cord,  and,  althoagh  wc  know  nothiofi^  of  these 
nodes  further  thnn  their  probable  existenceT  they  would  seem  to  offer  a 
convenient  point  of  departure  for  the  collateral  fibers  and  thus  brings 
the  law  of  branching  in  the  central  t^ysteni  Into  harmony  with  that  for 
the  peripheral  nerves*,  where  the  branches  occur  at  a  node  of  flHuvier. 

There  is  one  principul  point  which  has  thus  far  been  left  out  of  the 
di«cus»loD,  viz.;  how  fur  are  the  fiber-a  which  are  brought  out  by  this 
method  of  Golgl  to  be  identified  with  the  meduUuted  fibers  with  which 
we  are  commonly  familiar?  It  seems  beyond  doubt  that  a  number  of 
the  structure*  thuR  developed  are  unmedullateti  even  in  the  adult.  On& 
important  piece  of  evidence  has  been  presented  by  Flechsle*.  lie  has 
iDcceeded  io  staining  specimens  of  nerve  cells,  which  had  been  pre- 
viously treated  by  Golgi's  method,  with  a  dye  fluff  wldeh  (Stained 
meduUiiry  vubHtance  red.  According  to  thi»  reftult  he  finds  many  of  the- 
branches  of  the  nxls-cyllDder  process  to  be  medullated,  and  thus  it 
would  appear  tliat  thcRC  branches  may  become  medullated  nerve  fibers. 

We  come  now  to  the  final  point  of  the  connection  between  nerve  cellft 
uid  nerve  fibers.    Of  course  each  nerve  fiber  Is  looked  upon  as  the  out- 

Cwth  of  a  certain  nerve  cell,  and  the  connection  referred  to  in  this 
juice  W  that  between  the  termioution  of  a  nerve  fiber  and  neighbor^ 
lognervecells  with  which  it  maybe  supposed  to  be  phy^lolo^cally  assocl- 
aCed.  The  connection  of  the  nerve  cella  with  one  another  Ib  but  another 
aipeet  of  the  same  problem.  It  may  be  stated  as  a  general  result  that 
thlB  method  falls  to  show  any  direct  continuity  between  any  prolonga- 
tions of  one  nerve  cell  and  those  of  another.  This  lack  of  demoustrable 
continuity  has  led  to  several  hypotheses;  the  best  of  which  is  perhaps 
that  of  Uis,  who  points  out  that,  however  closely  the  protoplasmic 
prolongations  may  be  Interwoven,  there  la  always  a  somewhat  between 
them  which  we  are  accustomed  to  designate  as  ground  substance,  and 
to  this  ground  substance  must  be  attributed  the  function  of  establUhlnf^ 
continuTtv  between  the  nervous  elements.  'ITie  earlier  workers  In  thlfl 
line  bad  directed  their  attention  to  the  remarkable  branches  of  the  axis- 
cylinder  prolongations,  and  thought  In  some  way  these  would  account 
for  the  pbyslolo^eal  connections  between  cells.  At  proaeut,  however, 
ttunre  Is  no  positive  evidence  In  favor  of  such  a  view. 

Taking  a  general  view  of  the  nervous  system,  we  find  the  sensory  Iqi> 
palw  coming  in  through  the  dorsal  root-s  which  form  a  mesh  work  In  all 
probability  connecting,  as  a  rule,  with  some  of  the  central  cells,  and 
chnt  finding  its  way  to  the  higher  centers,  or  perhaps  without  the  Inter- 
medlation  of  central  cells,  reaching  the  elTerent  cells  In  the  ventral 
corona.  Nansen,  who  wrote  a  few  years  since  and  was  much  impre><sed 
with  the  possibilities  of  the  network  formed  br  the  prolongations  of 
the  axis-ey Under,  drew  up  a  scheme  which  I  befleve  has  been  received 
wHb  some  favor,  according  to  which  the  nervous  and  mental  process 
were  conaldered  as  taking  place  In  this  mesh  work,  while  the  cells  were 
regaiyled  as  having  a  nutritive  function  and  acting  as  the  supporters  of 
the  nieth  work  alone,  it  now  remains  to  point  out  some  of  the  pecu- 
liarities of  our  point  of  view  as  determined  by  these  results.  1  will 
give  them  In  briefest  form  posssibte.  The  new  methods  show  that  the 
azSa-cyllnder  Is  branched ;  that  there  are  several  types  of  axis-cylinders ; 
that  these  branches  may  become  medullated,  hence  several  fibers  may 

t  Quwt.  Joum.  Micro*.  Scl.  Fk>b.  IBM. 
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arise  from  one  cell ;  that  there  are  no  setiftory  c«ll6  In  the  central  sys- 
tem; tbAt  the  axis  cylinders  are  made  up  of  flbrllhi^;  that  nodes  of 
Ranvier  occur  within  the  central  Bystem;  that  collateral  fibers  arise 
from  the  lonffitudinal  fibers  of  the  spinal  cord;  chat  no  nerve  libers 
come  from  ttie  proto-plasmlc  process;  and  that  there  ii  no  continuity 
■between  cell  elements  in  the  central  ajfltem,  but  that  probably  physio- 
logtoal  connection  ts  dependent  upon  peculiarities  of  the  ground  sub- 
atanc«  which  surroands  them  all. 

Lectdre  It. 

Gentlemen :  This  lecture  will  be  a  continuation  of  the  preceding;  upon  the 
architecture  of  the  nen'ous  system.  1  shall  consider  the  size  of  the  ncr- 
■VOU51  elements,  their  uunierical  relations,  the  relation  of  the  cerebral  cortex 
to  the  oplic  thalamus,  and  say  a  few  words  ujk>d  some  methods  of  ascer- 
taining the  locallzaiiou  of  functions  in  the  central  nervous  system. 
Nervous  elements  difTcr  much  lu  size.  Inst>eakiog  of  the  size  of  the 
nervous  elements,  one  point  should  be  emphasized.  Nerve  cells  and 
fibers  are  In  reality  hut  parts  of  the  same  structure;  the  fiber  is  a 
bmuoh  of  the  cell.  The  nervous  system  must,  therefore,  be  consid- 
ered as  composed  of  one  kind  of  element* — tbe  cells.  There  is  a 
relation  between  the  size  of  the  cells  and  that  of  the  fibers,  more 
especially  between  the  nucleus  of  the  cells  and  the  fibers.'  The  nerve 
fiber  Is  composed  of  a  sheath  and  an  axiacylluder.  This  axls-cyiinder 
Is  made  up  of  a  numlMir  of  minute  fibers  known  as  fibrllln.  The 
branching  of  a  nerve  is  simply  tlie  separation  from  the  main  axis  of  a 
number  of  flbrllhu  8urrounde<l  by  a  continuation  of  the  sheath.  All 
nervcB  terminate  finally  In  a  mesh-work  of  the  flbrlll»].  If  wc  examine 
the  ischiadic  nerve  of  a  frog,  %ve  find  It  to  bo  conical  In  shape.  Trans- 
verse sections  of  the  nerve  at  the  hip,  tbe  knee  and  the  ankle,  show  a 
diminution  in  the  diameter  of  the  individual  nerve  fibers,  as  we  proceed 
from  hip  to  ankle.  Ilie  old  explanation  for  this  was  that  the  fil>ers 
themselves  were  conical  in  shape;  but  this  la  probably  incorrect.  The 
diminution  in  diameter  Is  really  duo  to  the  fact  that  the  ocrro  trunk 
branches  and  the  branches  from  the  higher  levels  contain  the  fibers  of 

freatest  diameter,  and  those  from  lower  levels  contain  those  of  smaller 
lameter.  The  physiologleal  liearlng  of  this  is  Important.  Suppose 
the  proximal  muticles  of  a  limb  to  be  as  richly  supplied  with  nerve 
fibrilla;  as  the  distal  muscles  are,  then  since  we  have  found  that  nerve 
fibers  of  large  diameter  supply  the  proximal  rauscle«,  it  follows  that  in 
order  t4>  have  the  same  abundance  of  flbrlUo;  for  the  distal  muscles,  that 
the  individual  nerve  fibers  supplying  them  must  be  more  numerous. 
Here  let  us  depart  from  the  malti  point  for  a  moment  In  order  to  bring 
up  a  subject  necessary  to  make  clear  the  explanation  that  follows. 
Every  motor  cell,  so  far  as  Is  known,  acts  as  a  unite  and  give  rl^e  to  but 
a  single  motor  fiber,  llius,  whenever  a  discharge  occurs  in  Ihe  cells, 
the  muscle  Id  which  the  fiber  terminates  must  respond.  If,  however,  a 
muscle  be  the  termination  of  several  fibers,  several  cells  control  Its 
action  and  thus  a  finer  control  Is  brouebt  about.  The  significance  of 
sire  of  nerve  fibers  Is  usually  stated  to  he  llial  the  larger  fibers  urn  the 
longer  course,  for  larger  fibers  are  necessary  to  carry  the  nervous  Un- 

fiulses  to  greater  distances,  on  the  analogy  of  elet'iricliy  where  the 
srger  wire  Is  the  better  conductor.  The  largest  fll>ers  in  the  frog 
arise  from  the  lumbar  region  of  the  spinal  cord  and  terminate  in  proxi* 
mal  muscles.  The  dilTerentlstlon  of  function  is  sllghest  here^  and 
fineness  of  adjustment  Is  least  needed.  From  this  we  conclude  that 
large  fibers  are  concerned  with  coarse  adjustments,  and  fine  fibers  with 
Une  af^ustments-    >Ve  turn  now  to  consider  what  Is  known  of  the 
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nmnarlca]  reUtlODR  within  the  central  nenrons  system.  BIrge,'  work- 
ing with  Gaale,  undertook  an  actuHl  rouiit  of  the  iiiimber  of  the  fibers 
entering  the  spinal  cord  by  the  anterior  and  posterior  nerve  roots.  This 
actUMl  uiimbor  of  motor  fibers  determined  oy  the  count  corresponded 
very  closely  with  the  nunit>er  of  cells  in  the  ventral  comofl  of  the 
spinal  cord.  From  this  a  niunerical  equivalence  between  motor  cells 
and  motor  fibers  was  Inferred.  Uaule'  has  carried  the  Investigation  a 
•tep  farther  by  counting  the  uumber  of  nerve  fibers  in  cross  sections  of 
the  spinal  cord  at  five  diflerent  levels  and  has  thnii  attempted  to  deter- 
mine whether  there  was  any  relation  l>ctween  the  number  of  fibers  of 
these  various  levels  and  the  number  of  the  dorsal  root  fibers  en- 
tering the  cord  at  the  same  levels.  He  finds  as  a  result  that  each  root 
fiber  calls  for  eleven  fibers  In  the  cross  section.  Thus  there  appears  to 
be  a  distinct  numerical  relation  In  this  Instance.  It  should  be  remem- 
bered that  Gaule  la  dealing  with  medullated  fibers  only  and  whatever 
retaUons  may  be  dependent  upon  unmedullHted  fibers  do  not  enter  into- 
his  calculations. 

In  hlfl  paper,  upon  this  subject,  Qanle  has  a  system  of  philosophy 
which  is  peculiarly  his  own. 

Itmay  be  roughly  stated  as  follows:  As  the  cells  are  composed  of  mole- 
cnlee  which  are  made  up  of  atoms  standing  In  a  fixed  and  definite  relatlou 
to  one  anolher,  so  the  body  Is  composed  of  cells  which  appear  in  fixed 
proportion,  for  Instance  everr  sensory  fiber  demands  eleven  nerve  fibers 
in  a  cross  section  of  the  cord. 

Charts  of  the  brHiu  have  been    made  by  several  authors    for   the 

Surpose  of  showing  the  various  developments  of  the  cerebrum.  Broca, 
ibentelner,  Kberstalter  and  Wilder  have  constructed  such  charts 
u  yoa  see^  according,  as  It  was  their  purpose  to  lllustrute  particu- 
lar poiDts.  The  Dccd  for  some  definite  diagram  on  which  to  plot 
lesdODS  uaefal  for  the  localization  of  function  has  been  felt.  For 
this  purpose  the  best  of  these  perhaps  is  that  of  Kberstaller,  which 
was  deilgned  to  show  almost  every  detail,  while  that  of  Wilder 
brings  out  the  parly  developed  chanicterlittlcs  mainly.  'Ilie  amoaut 
of  variation  that  may  occur  In  the  centnil  nervous  system  Is  very 
great.  All  brains  dilfer.  Several  attempts  have  been  made  to  meas- 
ure the  extent  of  the  gray  substance  of  the  hemispheres.  The  figures 
vary  twtweeo  ISOO— 3700  sq.  cm.  The  Important  relation  Is  that  the 
sunken  gray  matter  lying  In  the  sulci  Is  about  twice  that  which  is  ex- 
posed on  the  surface.  .Suppose  that  In  brains  which  are  comparable^ 
the  sulci  have  a  similar  depth  and  the  nerve  elements  a  similar  size,  tbeo 
a  richly  convoluted  brain  would  contain  a  greater  expanse  of  gray  mat- 
ter, and  a  greater  number  of  cells  would  be  found  In  such  a  brain.  'Vhe 
MUTerse  would  be  true;  a  poorly  convoluted  brain  would  contain  a 
lem  expanse  of  gray  matter  and  a  less  number  of  cells.  If,  as  Gaule  as- 
sertSt  every  nerve  cell  gives  rise  to  a  definite  uumber  of 
flbora  and  the  amount  of  Dranchlng  be  similar  In  cases  coro- 
twrcd,  that  brain  which  contains  the  most  cells,  has  Che  most 
branches.  These  branches  become  mednllated  fibers  and  constU 
tute  the  white  substance.  According  as  the  number  of  cells  Is  greater, 
sod  beuce  the  number  of  fibers  large,  the  atuount  of  white  substance 
will  be  great  and  the  size  of  the  brain  increased.  However,  Gaule's 
nnmerical  relation  U  probably  only  partly  true.  All  of  us  are  acquaint' 
ed  with  large  brains  that  are  poorly  convolute<1,  and  the  preceding  re- 
marks on  the  relation  of  the  size  of  the  cerebrum  to  the  abundances  of 
their  convolutions  have  for  their  main  purpose  to  direct  attention  to  the 
cocnpensatory  developments  which  probably  occur  there,  but  about 
which  we  know  almost  nothing. 

1  Xrehi».  f.  Aoat.  u.  Phyilo)..  m2  ~ 
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Such  a  testate  at  Uml  ai  0«al«  at  coo*  ralM*  Um  qoesUoo,  bow  tu 
TtriatloB  Buy  ooeir  iritUii  the  asraaa  iTKeaa.  We  hftTe  tbere  maDj- 
decussaUona,  ao^  aa  that  of  the  opde  tncta,  of  the  craalal  beires  and 
of  the  pyramids.  VariacSoas  io  thoee  deeaaeaiiiMe  eraknovD  to  all.  Oar 
phfsiolo^al  lafereocws  are  baMd  upoo  ewteoiy.  If  the  ajialomtcal 
fooDdatloD  can  Tarjr,  It  to  a  moai  taoortant  ptAat,  eepeclallj-  in  the  caae 
of  the  cervooB  system,  aod  oae  wnieh  most  always  be  kept  Id  mind, 
when  phyilolo^  and  anatoiay  appear  to  coafllet. 

It  may  be  poaslble  sometime  to  track  a  seiMory  Berroas  Impulse  from 
the  peHpheiy  to  the  cootex-  All  of  as  have  been  tau^t  that  sensoty 
fitiers  enter  the  spinal  cord  by  the  dorsal  roots,  and  proceed  by  the 
dor^  columns  towards  the  brain,  and  termUiatee  In  the  gan|eHa  of  these 
columns.  Prom  these  j^an^tla  they  pass  to  the  thalamus  of  the  opposite 
side,  by  war  of  the  lemnUoos.  The  cells  of  the  thalamus  ar^  oouoected 
with  the  cells  of  the  cortex  by  the  Abers  of  the  corona.  There  is  some 
reason  to  think  that  whatever  the  soitrce  of  the  sensory  impulse.  It  must 
pass  throuj^h  the  thalamus  before  going  to  the  cortex.  Several  attempts 
nave  been  made  to  jletermine  the  relation  between  the  portions  of  the 
cerebral  cortex  aod  the  thalamus. 

Monakow'  determioed  thU  relation  In  rabbits.  He  operated  on  tbs 
dorsal  and  lateral  surface  of  the  hemL«pbere»  only.  Here  the  removal 
of  definite  portions  of  the  cortex  caused  an  atrophy  in  an  equally  defl- 
nite  portion  of  the  tbaUmo«.  Tbere  were  certain  portion»  of  the  thai- 
amsus.  vbich  were  not  affected  by  any  of  the  lesions  and  these  by  ex- 
clusion may  be  supposed  to  be  connected  with  those  portions  of  the  cor- 
tex which  were  never  Injared.  'Iltese  results  have  been  in  part  vecifled 
for  man. 

LfiCTCBE  nr. 

GrtUlfmen :  We  shall  consider  in  this  lecture  the  motor  re^ons  of  the 
tiniln.  The  middle  portions  of  both  beonlspberes  conutn  motor  centres. 
A  history  of  the  subject  is  not  needed ;  but  Che  method  u^ed  for  the  dis- 
covery of  these  centres  and  of  the  refinement  of  their  sabdlvtsious  de- 
nerves  some  attention.  Our  especial  interest  Is  In  the  subdivisions. 
Motor  is  not  a  f^ood  term  to  apply  to  thU  refclou,  but  it  Is  the  best  we 
hare.  The  Idea  of  the  motor  centres  from  an  anatomical  point  of  view 
Is  useful.  The  central  nervous  system  may  be  considered  ss  a  conical 
m&ss  with  the  cortical  centres  in  the  base  of  the  cone,  the  apex 
ol  the  cone  repre^cntlag  the  spinal  rord.  A  ncrvoiu  ImpuUe 
proceeds  from  the  periphery  toward  the  cortical  centres  and  at 
various  levels  In  the  cone  It  encounters  masses  of  gray  matter  which  In- 
crease the  poftsiblc  number  of  path:*  the  impulse  may  take.  The  import- 
ant question  then  is:  Does  the  impulse  difTuw  itself  throughout  the  en- 
tire system  or  follow  a  fixed  path  to  a  definite  centre  in  the  cortex  P  The 
poAsible  paths  depend  upon  the  complication  of  the  central  sys- 
tem, lu  higher  animals,  the  possibilities  are  many.  The  paths  fol- 
lowed in  any  given  case  depend  upon  physlolof^y  rather  than  upon  anat- 
omy. The  path  of  the  impulse  appears  to  be  simple ;  it  starts  from  a 
small  area  in  the  periphery  and  reaches  a  small  area  in  the  cortex.  The 
cortical  centre  is  but  a  specific  point  in  the  path  of  the  Impulse,  where 
the  impulse  turna  to  paas  centrlfui^ally.  As  points  in  the  path  of  an 
impulse  the  cortical  centres  are  lUce  innumerable  other  polDts  In  the 
central  system,  but  they  have  a  peouUar  Interest  because  of  their  great 
accesAihility  and  hccause  they  are  in  a  region  which  is  supposed  to  be 
associated  with  mental  phenomena. 

Let  us  now  consider  the  method  of  stimulating  the  cortical  centres. 
Horslcy'  attempted  to  determine  whether  all  the  parts  of  the  muscle 

1  Arcb.  r.  PrrchUtrle  B.  XII.  1883. 
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curve  given  bjr  t  muscle  during  an  epileptic  ftelzure,  were  dae  to  tbe 
cortex  aloae  or  to  cells  lying  outride  of  the  cortex.  He  exposed  the  brain 
of  m  monkey  and  found  the  areu  for  the  control  of  the  leg.  An  el&ctrlc 
carreot  was  applied  and  an  impulse  sent  to  the  eplual  cord.  By  tapping 
tbe  spina)  cora  In  the  dorsal  portion  and  recording  the  Impulses  passing 
there  in  the  pyramidal  tract,  by  means  of  an  electrometer,  both  the  tonic 
and  clooic  portions  of  the  curve  were  8hown  to  be  due  Co  tbe  Impulse 
from  the  oonex.  Others  have  ob$crve<i  tliut  when  the  cortex  was  excised, 
and  the  stimulus  applied  directly  to  the  nerve  flherp,  the  clonic  portion 
of  the  curve  dropped  out.  llils  fact  Ims  been  used  clinically.  Uorsley 
has  mudled  the  minute  representations  in  the  cortex  of  movements  of 
the  head  and  limbs.  His  method  was  to  apply  to  tbe  cortex  electrodes, 
two  mm.  apart,  with  a  current  just  sufllcienVty  strong  to  bring  about 
a  uootractlou.  The  strength  of  the  current  was  Important;  a  f/f^k  car- 
rent  wnald  contract  few  muscles  slightly  and  a  stronger  one  would  cause 
a  stronger  contraction  of  a  greater  number  of  muscles.  To  explain  this 
Goutraction  In  tbe  last  ease  a  slight  Irradiation  of  the  stimulus  was  sup- 
posed to  take  place,  so  that  nelgnboriug  centres  were  involved.  The  dl- 
agnuns  show  the  resnlts  of  Horsley'a  experhnents.  The  outilue  of  the 
r^ktn  enclosing  the  motor  areas  is  largely  hounded  by  lissures — below 
by  the  Sylvian  fissure,  behind  by  the  lnter-piirlet»l,  in  front  tt  passea 
•omewhat  In  front  of  the  praecentral,  and  above  the  margin  of  the  bem> 
topbere  forms  the  boundary  from  this  point  of  view.  There  Is  no  neo- 
easary  connection  between  areas  and  sulci ;  some  areas  appear  to  be 
Ihnlted  by  sold,  and  otliers  not.  The  portion  of  tbe  cortex  lying  in  the 
sulci  is  one  tliat  usually  escapes  stIumUtiou. 

In  the  motor  region  of  the  monkey's  brain  llie  motor  areaa  for  the 
control  of  the  various  parts  of  the  body  were  found  to  be  located  tbos: 
The  heiad  and  eye  area  Is  located  In  the  front  part  of  the  motor  region ; 
above  the  Sylvian  fissure  is  an  area  for  the  control  of  the  larynx, 
phaiynx,and  the  movements  of  the  mouth  and  face;  back  of  the  bead  area 
and  above  that  for  the  fuce  is  an  ureu  for  the  upper  limb ;  still  back  and 
above  this  ii  an  area  for  tbe  control  of  tbe  lower  limb;  and  between  the 
areas  for  the  upper  and  lower  limbs  is  one  for  tbe  trunk.  It  will  be  no< 
tloed  that  we  thus  pass  in  Rcrlat  order  through  the  centres  for  tbe  head, 
arm,  trunk  and  leg,  the  first  most  anterior  and  the  last  moat  posterior. 
Tbe  same  serial  arrangement  Is  maintained  on  the  mesal  surface.  There 
li  a  remarkable  independence  between  the  size  of  tbe  centres  and  the 
modes  they  control.  The  centres  controlling  the  head  and  face  constU 
tote  about  tialf  the  motor  region.  Where  the  muscles  are  large  and  the 
movements  crude,  the  representation  In  the  cortex  is  gmall.  The  area 
for  the  head  has  been  longest  undergoing  differentiation;  next  to  this 
In  order  of  development  is  that  for  the  upper  limb,  that  for  the  lower 
limit,  and  lastly  for  the  trunk.  Beevor  and  Uorsley'  have  studied  lu  de- 
tail the  anatomy  of  these  areas,  especially  that  of  the  arm,  and  have 
found  there  is  a  subdivision  of  function  within  them.  They  divided  the 
area  of  the  arm  into  squares  of  2  mm.  on  a  side  and  stimulated  these 
Bqoares  In  regular  order.  Attention  was  given  to  what  move- 
ments came  out  first— the  so-called  primary  movements.  Tbe  first 
movement  following  a  given  stimulus  In  tbe  upperrnotit  part  of  the  arm 
area  wu  the  movement  of  the  shoulder;  when  the  stimulus  was  applied 
a  littio  lower  down,  a  movement  of  the  elt>ow  took  place ;  It  was  then 
applied  further  down  still,  and  a  movementof  the  wrist  was  the  result; 
when  however,  the  stimulus  was  applied  to  tbe  lowermost  part  of  the 
ann  area,  the  thumb  responded.  The  centres  for  the  control  of  the 
shoulder  and  the  thumb  are  then  farthest  aeparated.  The  thumb  Is  the 
most  highly  modified  portions  of  the  upper  limb,  and  Its  movement  Is 
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the  mo«t  highly  modlfled  movement.  The  opnoaltlon  of  the  thumb  U 
very  widely  represented.  Il  wan  determined  that  fn  general  the  march 
of  K  spurn  afl^oUofC  the  arm  follows  the  order  of  the  ccatres  wUblo  the 
arm  area;  that  U,  If  the  spaum  starts  at  the  shoulder,  It  passes  by  regu- 
lar  progresslOD  to  the  flngeni,  or  If  It  starts  in  the  thumb,  It  paasea  hi 
regular  prngpresaion  aloDg  the  Itmb  In  the  opposite  direction.  It  appears, 
however,  that  the  connectloD  between  the  thumb  and  shoulder  Is  very 
•light,  so  that  a  apanm  tttttrtlng  tu  the  ihoulder  does  not  usually  termi- 
nate In  the  thumb,  nor  does  one  commencing  in  the  thumb,  terminate  in 
the  shoulder.  Looked  at  from  one  point  of  view  this  wouJd  appear  to 
indicate  that  the  n»)<toc[atiun  tracts  in  such  an  area  were  short,  and,  aa  a 
rule  did  not  extend  beyond  the  nearest  lying  centre. 

No  centre  will  give  a  particular  movement  exclualvely,  but  certain 
movements  usually  follow  stimulation  In  a  definite  portion.  The  sub- 
division of  function  in  other  areas  was  studied  by  these  same  authors. 
They  endeavoreil  to  determloe  the  kind  of  mntion  resulting  from  stimu- 
lation. They  found  that  exteni»loti  of  the  arm  followed  stimulation  in 
the  upper  portion  of  the  arm  art-u,  flexion  In  the  lower  portion,  and  that 
there  was  a  confusion  of  movement,  when  Die  stimulus  was  applied  to 
the  central  portion  of  the  area.  Extension  and  flexion  in  all  centres  are 
usually  widely  represented.  Let  us  carry  these  facts  over  to  the  diagram 
of  the  inefiHl  surface  of  the  human  brain'.  The  locaii/jition  of  functions  on 
the  me>ial  surface  appears  tn  the  onler  of  head,  arm,  trunk  and  leg  from  bo- 
fore  backwards,  'llie  basis  for  the  Rcbematlo  representation  In  nmn  is  about 
aa follows:  some  of  it  is  based  upon  anulngy  and  some  on  tiie  results  of 
direct  stimulation.  Relow  and  l>ehind  the  head  and  eyea  there  is  an  ares 
for  the  control  of  the  face.  Tlie  localization  of  the  face  area  is  based  pri- 
marily upon  pathological  and  clinical  evlilence  and  secondly  upon  anal- 
ogy with  some  experimental  evidence  for  its  iiupport.  The  face  area 
can  be  broken  up  into  a  number  of  other  centres.  The  muscles  con- 
cerned Id  speech  are  reprenentcd  in  this  area.  The  speech  centre  appears 
to  be  a  duplication  of  this  representation  In  a  refined  form  and  Is  usu- 
ally left  out  of  the  discuaslon  of  motor  centres.  It  is,  however,  a  motor 
centre,  having  fiber?  which  pass  Into  the  Internal  capsule.  We  know 
nothing  of  tne  auhdivislons  in  It.  Uas  this  motor  region  other  than 
motor  fuuctlons?  Motor  reactions  follow  the  stimulatioo  of  the  cortex 
outside  of  what  is  generally  designated  as  the  motor  reeion.  Stimulation 
In  the  occipital  region  and  In  the  tip  of  the  temporal  lobe  gave  motor 
reactions.  When  the  stimulus  was  applied  to  the  tip  of  the  temporal 
lobe,  reactions  in  the  mouth  and  nose  followed.  Movements  of  the  eyes 
were  to  be  obtained  by  stimulation  of  the  head  area  and  also  of  the  oc- 
cipital region  of  the  cortex.  These  motor  reactions  were  due.  according 
to  Ferrier,  to  the  stimulation  of  the  sensory  cells  in  the  cortex  which  In 
turn  reacted  so  as  to  bring  about  movements.  Schftfcr*  carried  the  in- 
vestigation further. 

When  he  applied  the  stimulus  to  the  occipital  portion  of  the  cortex  and 
produced  movements  of  the  head  and  eyes,  he  observed  that  the  reac- 
tion time  was  longer,  than  when  the  stimulus  was  applied  directly  to 
the  hejui  area.  By  cutting  out  the  proper  centre  in  the  head  area  and 
then  stimulating  the  occipital  portion,  reaction  was  still  obtained,  which 
showed  that  motion  in  tht.<«  case  was  Independent  of  centres  iu  this  area. 
This  Is  but  one  example  of  apparent  multiple  representation  of  move- 
ment iu  the  cortex. 

Lectcre  IV. 
Oentiemtn :    We  shall  consider  this  evening    the    sensory  centres. 
The  motor  centres  form  a  dividing  line  In  tlie  cortex,  behind  which 

1  MfllH.  Traas.  Oodk.  Am.  Phjt.  and  ^uncvons,  1B8S, 
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li«  th«  MDBory  ceDtres,  and  In  front  Is  an  unoccapled  area  which 
la  left  OQt  of  tbc  dUcusslon.  The  anatomj  of  the  aenaory  re^on 
need?  ftoine  attentioo.  If  we  st^etlon  the  white  mAtter  In  the  motor  re- 
^OD,  degeoerntioii  follows  both  toward  the  thalamus  aod  toward  the 
cortical  cells.  The  Aaine  holds  for  the  senfuory  ref^ion.  These  fltwra  are, 
therefore^  arranged  lo  carry  impiilsett  both  ways,  Chat  U,  there  are  both 
afTercDt  and  efferent  fibers.  Ferrler  began  the  study  of  the  sensory 
ceatres.  By  Btlmulntlng  the  genpory  centres  he  was  able  to 
produce  motian,  but  the  motion  was  particularly  associated 
with  tike  peripheral  sen«e  orf^ans.  I'ermit  me  to  call  attention  to  a 
peculiarity  of  the  sensory  region.  In  the  lower  aulraals  sensation 
U  not  so  accurately  located  as  motion.  The  reat^tions  we  have  to  study 
are  crude.  .Slight  loss  of  sensation  can  not  bo  shown.  The  results 
of  the  study  are  often  contradictory  and  no  reconciliation  etyems  at 
time«  possible.  All  the  results  that  are  a<:cuiuulated  are  not  of  equal 
Tftlne.  I  shall  make  use  of  some  of  those  results  which  appear  most 
inutworthy.  When  one  set  of  experiments  support  a  view  with  good 
positive  evidence,  and  the  opposite  view  is  sualntnei)  t>y  equally  goml 
positive  evidence,  there  is  reason  to  think  that  a  further  extension  of 
the  hypothesis  will  harmonize  the  views. 

I^et  us  uke  up  Br^t  the  cortical  centres  for  vision.  The  experi- 
ments have  been  made  upon  monkeys.  In  them  we  have  the  oc- 
cipital lobe  and  the  angular  gyrus  as  cortical  centres  for  vision.  In  man 
the  cuneua  is  supposed  to  be  connected  with  vision.  The  discussion 
that  has  talceu  place  liiis  been  concerned  wUh  the  relative  values  uf  the 
occipital  lobe  and  Che  angular  gyrus  as  centres  for  vit^ion.  The  evidence 
Is  this:  Brown  and  Schilfer*  removed  the  (KH'ipital  lobe  on  the  left  side 
and  the  result  was  a  defect  of  vision  In  thi^  left  halves  of  the  two  re- 
tinae. This  result  was  persistent,  no  recovery  of  vision  occurred.  They 
then  removed  the  occipital  lobes  ou  both  sides  and  complete  blindnesa 
resnlted.  Again  the  results  were  permanent.  Ferrler  crttioises  this  on 
Che  ground  tliat  they  injured  the  angular  gyrus.  Brown  and  .Sch&fer 
removed  the  angular  gyms  on  one  side  and  no  pennaneDtdefect  of  visioD 
followed ;  even  wiirri  ilicy  removed  It  upon  both  sides,  the  defect  was  not 
permanent.  The  criticism  that  is  made  here  is  ttint  Chey  gave  attention 
limply  to  permanent  defects.  The  removal  of  the  angular  gyrus  caused 
transient  blindoesa  In  the  opposite  eye.  The  animal  could  see  objects 
ftfiir  ofl*  but  could  not  see  them  so  well  near  to,  and  this  was  apparently 
a  perviateut  symptom.  Ferrler*  removed  the  occipital  lobe  and  found  do 
disturbance  of  vision  on  citiier  side.  However  he  left  the  rentni]  portioo 
of  the  lobe  intact  and  thliii  is  used  as  an  argument  agsinst  Ms  results. 
When  he  removed  the  angular  gyrue,  the  opposite  eve  was  alTected  tran- 
sdentlv;  but  vision  returned  after  a  time.  When  the  other  gyrus  was 
removed.,  the  other  eye  wan  very  much  affected,  and  the  eye  upon  the 
same  ride  slightly  so.  He  did  not  get  a  blind  monkey  from  his  opera- 
Ilooft  upon  either  the  angul.ir  gyms  or  the  occipital  lobes  alone.  When 
be  removed  t>nth  the  occipital  lobciandtinguLir  gyri,  his  monkey  became 
permanently  blind.  'ITte  removal  of  the  ncclpitiil  lobe  fmm  which  he 
fpot  little  or  no  effect,  and  of  the  angular  eyrus  from  which  he  got  tran- 
fccient  effects,  when  each  was  removr-d  separately,  gave  permanent  and 
real  blindness,  when  removed  together  (!).  Transient  symptoms  In 
lower  animals  may  Income  permanent  in  higher  animals.  Beeterew*  has 
publlsheri  an  acconnt  of  his  experiments  upon  dogs  and  rabbits.  With 
the  reuioral  of  tbc  occipital  lobe,  hcmloplH  occurred  .  The  removal  of 
Uie  angular  gyrus  produced  amblyopia  In  the  opposite  eye.  We  pass 
now  Co  the  clinical  evidence  in  mau.    Tlie  region  of  the  cuneus  U  uaoal* 
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\y  described  as  the  piinclpiil  centre  of  vIMoti.    Reported  le«loD8  nutlnlir' 
occur  [q  the  apex  or  the  i-'uneiia   sml  exleud  from  the  occipital  lobe  in- 
to the  aneutar  aod  supm-marglQal  eyri.     Heutopia  follow.4   lesloiig  io 
the  ncdpTtal  lobe.     In  the  aeiehbornood  of  the  aui^iiUr  eynifi^  leHton 

Produces  c-roflfted  amblyopia.  The  same  rulatiuus  bold  in  man  aa  in  mon- 
eys. Some  subdivision  of  the  optic  centra  htm  bc^tii  made  out.  If  the 
lower  portion  of  the  occipital  lobe  in  the  monkey  be  stimulated  an  up- 
ward movement  of  tlie  eyea  U  produLwl.  Stimulation  in  the  middle  por- 
tion caused  lateral  movements  and  to  theuppcrnioi;t  [>ortiou  downward 
movements.  (Schiifer*)  This  haa  been  interpreted  to  meau  a  detailed 
projection  of  the  retinae  upon  the  cortex.  A  partial  deeusKutlon  of  the 
optic  Tracts  would  account  for  the  location  of  half  of  each  retina  in  each 
occipital  lobe.  Home  clinical  evidence  for  aub^diviaiou  In  man  has  been 
preseuted  (Hun.  Aroer.  Jour.  Med.  Sci.  Jan.,  1887.),  but  is  at  present 
in»afficient. 

Among  birds  a  partial  decussation  of  optic  traota  ha»  not  heeo  observed 
anatomically.  In  onia,  liowever,  It  would  seem  to  occur.  Ferrier  found 
that  when  the  occipital  lot>e  wiiP  removed,  the  eye  of  the  opimttite  Ride  t»- 
c^me  blind  to  testa  applied.  For  pu^p0!^5H  of  experiment  the  9ound  eye 
was  first  completely  bandaged;  it  wu>t  next  enucleated,  when  the 
blind  (?)  eye  showed  enough  aent^ltlveneHs  to  enable  the  bird  to  eat«h  a 
mou^e  in  Its  cage.  It  would  appear  that  the  small  seosation  here  waa 
inhibited  by  tlie  simple  presence  of  the  sound  eye.  The  inference  then 
ifl  that  there  is  a  partial  decussation  in  this  bird.  From  our  present 
point  of  view,  hemlopin  in  dependent  upon  partial  decuflsatiou  and  par- 
tial decuftsatlon  must  be  supposed  to  exist,  when  hemlopia  oooura.  We 
now  pass  to  the  auditory  fteuse  and  Its  locAtlon.  Here  thf^  poiiitions 
held  by  the  experimenters  are  at  present  Irreconcilable.  Ferrier  stimu- 
lated the  posterior  portion  of  the  superior  temporal  gyrus  in  monkeys 
and  got  a  movement  of  the  ear.  Excision  of  this  gyrus  produced  deaf- 
ness, when  theexcUion  was  made  upon  both  aides.  Brown  and  Schftfer 
removed  this  region  and  deafness  did  nut  follow.  In  man  the  clinical 
evidence  favors  Kerrler.  There  are  two  cases  at  least  where  lefiiou  in 
the  posterior  portion  of  the  superior  temporal  pvri  caused  complete 
deaf  nRc>s  In  man.  In  the  auditory  form  of  aphasia  this  region  Is  undoubt- 
ed the  auditory  centre. 

Ta>tte  and  sm'>tlare  of  bnt  little  importance  in  this  conneotioQ.  In 
thia  case  stimulation  indicated  the  tip  of  the  temporal  lobe  as  their  prob- 
able centres.  If,  as  we  suppose,  the  discriminative  use  of  an  organ  de- 
termines Its  represent atlo[i  in  tlie  cortex,  the^-e  centres  would  then  have 
small  cortical  repre)>cntatlon.  The  same  dii>a£reement  exists  here  antong 
the  Investigators.  Kerrier  finds  lesions  iierc  to  produce  a  loss  of  taate 
and  smell ;  Brown  and  Sch.lfer  flud  the  opposite  results.  I^t  us  con»(Lder 
now  the  cutaneous  seuslbllity.  and  here  experimetiullsis  are  lu  accpnl 
upon  the  main  is(:ue.  Ferrl'>r  produced  a  disturbaucf  of  cutaneous  sensa- 
tions by  tlie  removal  of  the  hippneampal  gyri-  Horsley  and  Scb&fer* 
followed  up  these  results  and  removed  the  gvrus  foruk-atus  In  monkeys, 
when  henii-anmslheslaof  the  opposite  side  of  the  body  followed.  Partial 
removal  was  tried,  but  the  disturbance  of  sensibility  "to  pain  and  tactile 
stimuli  fordifTerenl  segments  of  the  b.idy  waa  not  looalizeni.  'nds  cortical 
centre  appears  to  he  coniiecteil,  mainly,  but  not  euCirely  with  the  oppo- 
site side  of  the  body.  The  symptoms  of  allochlria  followed  lesion  on  one 
side.  The  anlmalsthus  0|>erated  upon  appeared  to  recover  altera  time. 
The  degeneration  following  this  lesion  In  monk^y.^  has  been  studied  very 
carefulTv  bv  Francn?.'  In  the  internal  cansule  iiVouId  not  be  definitely 
located.' but  In  the  crura  and  the  pyramidal  trauu  the  location  was  clear- 
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i»  out.  The  Important  potDt  here  la  the  degf^nt^ratlon  of  eensory 
rf;dowHward,  auil  iheir  prosence  In  the  pj-rHiiildal  tracts  In  the 
eord  lod  further  the  obi*ervation  that  they  ot-cupy  a  df.'QDUe  portion  In 
tbeae  craeiH.  France  appfjir**  t«  have  guarded  H^alnat  any  confusion  of 
Che  lealun  deacribed  with  the  lesions  following  iujury  to  motor  centres. 
Nothing  can  be  aaUl  at  present  of  the  frontal  and  veutral  portions  of  the 
oort4*x,  so  we  next  pass  to  the  localization  of  lefitoiift  In  aphasia.  Starr' 
ifive!*  three  iieriods  ill  the  development  of  our  knowledge  of  aphasia. 
The  fln»t  Is  that  of  Broca-motorai*pha*iia— the  second,  that  of  Wernicke— 
aeiifiory  aphasia — and  the  third,  that  of  <^'hnrcot — a  further  analysis  of 
•ensory  uphnMa.  According  to  Charcot  the  idea  of  an  object  for  the  ed- 
ucated man  i«  dependent  upuu  two  sensory  centres — auditory  Mnd  vis- 
ual, and  ia  capable  ot  expression  either  by'the  spoken  or  written  word. 
We  have  Uien  four  principal  centres  to  consider.  In  visual  and  auditory 
^ihtBlii  lesions  occupy  definite  areas.  For  motor  aphasia  the  motor  ceQ- 
ttt  U  the  ap«ech  centre.  Seusory  lesions  occur  mainly  in  the  region  be- 
hind the  Assure  of  Sylvius;  auditory  disturbances  befng  associated  with 
Je-iloQA  of  the  stipe'riur  tempornl  gyrus,  aud  visual  ilii^turbance  with 
th"se  of  the  angular  gyrus.  Where  the  motor  centre  for  wrliing  may  be, 
i^  not  clear.  Ii  does  not  appear,  however,  to  be  within  the  ann  area 
and  may  possibly  hold  a  relation  to  this  area  similar  to  that  which  the 
«peeeh  cenlr**  holds  to  the  face  area.  'J'he  eonnoction  between  the  sen- 
sory and  motor  centres  involved  is  probably  made  by  assoclatloo  flben 
which  pass  beneath  the  island  of  Ijeil.  The  sensory  form  of  aphakia  1b 
callable  of  very  considerable  subdivision,  and  seems  destined  to  yield 
results  of  much  payohoiogiciil  importance.  I  would  call  attention  to 
the  fact  that  even  Charcot's  scheme  is  capable  of  extension  and  that 
aphasia  or  its  intellrotiiKl  equivalent  would  be  In  a  deaf  mute  a  lesion  In 
the  pathway  formed  between  the  centres  for  cutaneous  Bensiblllty,  and 
that  for  the' movement  of  the  Augers  in  the  arm  area.  That  in  other  words 
any  sensory  centre  may  form  the  first  link  and  any  motor  centre  the 
Kcond.  and  with  this  may  be  aasoclated  the  intellectual  life  of  the  In- 
dirldoAl. 

Of  the  proeeeses  w^eurrlng  In  nervous  systtMn,  none  perhaps  contrib- 
ute more  to  oar  anatomical  information  than  that  of  degeneration. 
D^iceneration  is,  however,  a  very  complicated  process.  In  the  higher 
aolnuls  a  amotion  of  nerve  nbers  wkbin  the  central  nervous  system  Is 
Dor  followed  by  reunion.  The  nature  of  the  degeneration  which  follows 
soch  a  section  U  dependent  on  a  large  number  of  conditions.  To  talce 
an  example  which  is  relate<l  to  the  question  of  the  representation  of  the 
cortex  in  the  ihalamus  which  we  have  ju!*t  discussed  :  If  In  the  rabbit 
the  motor  fiber?  coming-  from  the  cortex  be  sectioned  in  the  crura,  the 
dbtJil  puTtton  alone  df^'generates.  If  the  section  of  these  same  fibers  be 
BBude  ttetween  the  internal  capsule  and  the  cortex,  not  ouly  ttie  distal 
but  the  proximal  portion  with  Its  associated  cell  degenerate.  The  rea- 
son for  this  is  by  no  means  clear,  but  may  be  dei>endent  on  the  connec- 
tion of  this  region  with  the  thalamus-  The  peripheral  sensory  nerveft 
furnish  an  example,  where  the  direction  of  the  nerve  impulse  and  direc- 
tion of  degeneration  are  dlsi^lmilar.  In  a  very  young  animal  separation 
of  a  motor  nerve  nt  the  point  where  it  emerges  from  the  central  nervous 
nj-iilero  in  often  followed  by  complete  absorption,*  of  both  nerve  and  cell 
within  the  nervous  axis.  If  a  somewhat  greater  length  of  nt-rve  be  left 
Attached  to  the  central  portion,  atrophy  only,  and  not  absorption  occur*. 

Whether  the  portion  within  the  ccntnil  nils  is  absorbed,  twH'BUse,  In 
the  first  instance,  too  much  has  been  removed,  or  becanse  the  part  re- 
moved had  AR[>eclal  nutritional  value  from  Its  position,  must  be  left  un- 
ileotdcd.     But  the  ultimate  disappearance  of  [he  residual  portion    seems 
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in  •onw  wiy  to  depend  oo  the  strnnle  for  existence  amonf;  tlie  cell  elc- 
ibeota  [d  the  growiag  oricanisni.  ^e  (allare  of  Dfrre  flber«  to  uolce 
within  Che  oenCrml  Dervoat  syetAtn  might  be  thoui^ht  to  have  dome  relii- 
llon  CO  th&t  curioo*  interdependeDce  between  growth  ud  Bpeclalizaclon 
by  which  the  one  U  excluAlre  of  the  other.  But  on  the  whole  U  appeara 
aa  though  the  coodiiioDS  of  outricloo  would  offer  the  best  explanalion 
for  what  ocean. 

Lecttre  V. 

Oentitmen:  Pennic  metocall  atteotloD  cocerlalu  facts  which  are  some- 
what Rfltde  from  the  direct  line  of  the  previous  le:  ture^t.  We  hAve  r-poken 
JU  If  cerebral  locali/ation  were  an  ahsolute  fact,  ami  !iuch  U  pi-Hiticiillr 
Che  caae,  when  we  coDflne  oar  attcDiloa  to  man  and  Che  mookey?.  Ix. 
howCTer,  we  aCudy  cerebntl  localization  In  the  vertebrate  gene?,  we  find 
that  it  hecotnes  Itsa  perfect  as  we  paas  downwards.  In  this  matter,  com- 
paraitve  ADatomy  la  the  startlnt^  point,  i  have  here  drawn  the  bmios  of 
a  dog  and  of  a  bony  fish.  lu  these  wldelv  separated  fornir,  the 
anatomists  caii  identify  the  subdivisions  of  the  enoepbaton,  whLcIi  are 
homologoufl.  From  the  physiological  slde^  Cheqaestlonof  ImportAiioc  fa, 
whether  hotnologtms  portioD4  of  the  nervous  system  have  the  ^nme 
relative  fuDctlon  throughout  thi^  series.  Not  many  years  ago,  this  que»> 
tlon  wns  Answered  in  the  ufilrmatlvc.  The  experiments  of  Goltz  upon 
dogs  which  led  him  todeny  cerebral  localization  in  luan  were  ba^ed  u{ion 
thU  asBurapiion.  We  propose  this  eveniug  to  preseut  evidence  fur  the 
view  that  homologous  ponious  of  the  nervous  system  have  not  the  ^iime 
relaiive  function  in  tlie  lower  as  In  the  higher  vert^'brates.  The  problem 
may  be  expre8i>ed  In  annlomical  terras;  if  we  attempt  to  depict  thepattis 
along  which  iin  impulse  must  pass  from  the  time  it  enters  until  it  leaves 
the  central  nervouft  system,  we  have  some  sui-h  achcme  as  this :  A  nerve 
fiber  comes  from  the  periphery,  is  interrupted  by  a  cell  iu  the  sptual 
ganglion,  and  enters  the  cord  by  the  dorBal  cornua;  it  connects  itself  Ln 
some  way  with  a  central  cell.  This  cell  is  in  turn  connected  with  a  motor 
cell,  froru  which  a  fiber  pas^^es  out  of  the  cord  by  the  ventral  root.  An 
Impulse  thus  enters  by  tlie  sensory  and  passes  out  by  the  motor  dber. 
TbiK  pathway  for  an  Impulse  occurs  from  oue  end  of  the  nervous  M-siem 
to  the  other,  and  may  be  designated  as  the  segmental  pathway.  O'ti  this 
segmcntAl  system,  composted  of  the  spinal  ganglia,  the  ceDtral  cells  and 
those  giving  rise  to  the  motor  fibtT)*,  there  is  superposed  a  ma«^a  of  mate- 
rial which  U  represented  by  the  thalami  and  cerebral  hemispheres.  'i*he 
exact  relations  of  these  two  structures  are  not  known.  For  our  purpose, 
we  may  look  upon  them  as  forming  a  part  of  a  long  or  central  pathway, 
over  whicli  an  incoming  impulse  may,  In  some  cases,  pass.  It  is  ncceiii<ary 
then  to  elaborate  the  diagram,  and  make  It  possible  for  a  sensory  iinpul«e 
to  pass  by  meanf  of  a  centra]  cell  to  the  cortex,  where,  in  all  probabil- 
ity, another  central  cell  is  Interpolnted  in  its  coarse;  from  there,  ft 
paMes  to  the  ceil  giving  ri^^e  lu  efTcrenC  cortical  fibers,  ancl  t>o  btick  to  the 
aegroental  motor  nucleus.  Hiis  latter  Is  the  long  or  central  path,  which 
mav  alway*'  be  eontniPted  with  the  J^hort  or  segmental  path.  The  appll- 
eatlun  of  *uch  a  scheme  to  the  nue^tion  In  hand  is  this ;  Where  the  seg- 
mental or  short  path  Is  highly  dlft'erentUted,  we  would  expect  but  little 
control  from  the  cerebral  nemtspherett ;  wheres*,  where  the  Inng  or  cen- 
tral path  \*  highly  diflereutiutcd,  we  would  expect  the  function  of  the 
cerebral  hemispheres  lo  br  iniportant,  and  the  segmental  path  uuimpoi^ 
tant. 

To  begin  with  a  fuudanw-otal  qtteatlon:  Are  both  oaths  always  per- 
ineablel'  T)it«  has  been  tesrcd  by  the  atlmulatton  of  tlie  cerebral  bemla- 
pb«««a  In  dlflVrrut  orders  of  ^-i-rtebrntes,  In  which  operation  a  certahi 
portion  of  the  long  path  wa>  made  te  iHinduct  the  hupulse,  and  this  por- 
tloD  was  thus  Nhown  to  he  penurablr.    The  liifereoce  drawn  Is  that  U 
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permeable  throuf^b  a  portion  of  Its  length,  the  path  was  permeiblo 
throughout  lt«  entire  leDgth.  If  we  apply  thU  test  at  different  levels  ia 
the  vertebrate  nerieH,  we  Hod,  as  a  f^enerul  roKult,  that  the  Umf^  path  U 
ftlwayt  permeable,  and,  at  the  shiik^  time,  we  tiiid  tliut  the  difHTtMitintioa 
In  th?^  cerebral  hemisphere*  H9  indicHted  by  tiio  speciall/.ed  chftracter  of 
the  r'—pvnfte,  dponra^ei*  from  the  highertolhe lower ordera;further, that 
eeotres  where  they  can  be  made  out.  nre  leas  clearly  circumscribed  aud 
•abdiTidod  iu  lower  as  compared  with  higher  forma.  In  the  very  lowest 
fonDS  examined,  like  the  bony  tl^h,  the  reaciioa  to  stimulation  of  the 
cerebrum  Is  so  crude  and  ^enerHllxe*!  that  it  U  not  dlatlngulshable  from 
reaclloD»  obtained  through  the  Begmentul  nytttem.  To  determine  whether 
the  Hefcmental  path  is  pcrmciible.  tlie  eentrul  path  must  l>e  destroyed 
and  rrni'tionn  of  tho  animnl  then  ob«erve<l.  In  general,  it  \»  found  th:it 
an  interr«'laiion  exist*  between  tiie  »^hort  and  long  ptith^  of  such  a  nature 
that  the  high  development  of  tht*  one  U  a$Boclat«d  with  the  low  develop- 
ment of  tlie  other.  In  the  very  highest  vertebrates.  It  appears  that  in 
mo«t  parts  of  the  cerebnil  syittem,  the  Aegmentil  paths  are  not  permea- 
ble; but  In  anim:iU  below  the  dog,  they  certainly  are  permeable,  and  the 
ooinplexity  of  reaction  of  whlcli  they  are  capible  iiiereaHe!i  as  we  pass 
down  tlie  series.  Befon*  etitcriug  upon  a  description  of  the  disturbances 
following  interference  with  tlic  rortcx  la  maminals,  such  as  the  dog,  I 
wl^h  CO  refer  to  one  Immedtite  coiiAcquence  of  the  operation.  When  a 
ponlot)  of  the  cortex  \'*  removed,  »  cousiderable  number  of  tlie  couduct* 
nig  fiben,  which  remain,  undergo  a  secondary  degeneration.  In  the 
proeew  of  dying,  thet^e  n^sldual  nbres  must  get  rid  of  ttielr  energy,  and, 
n  60  doing,  they  cannot  fail  tr>  influence  the  portions  with  which  they 
ftre  connected,  it  is  apparently  due  to  thl?  dUturbance  rhut  the  tran- 
rtcol  phenomena,  which  act  like  inhibitions,  arifte.  Turning  now  to 
the  special  caws^  we  shall  commence  with  the  experiments  upon  dogs, 
And  beiore  we  have  ttnished,  I  nhall  hope  to  have  presented  evidence  for 
the  sta,tement  that  In  the  vertebrate  series  at  ita  lowettl  limit,  a,eu»a.tioa 
aud  motion,  H[K>ntHnelty  and  choice  are  independent  of  the  cerebral 
bemli^phereB,  but  that  the  dependence  of  these  functions  upou  the  hemis- 
phere* increases  as  we  ascend  in  the  serifs. 

This  fleure'  represent*  tlie  braio  of  a  dog  with  the  right  hemisphere  re- 
moved, riic  nntninl  lived  more  than  a  year  after  the  last  operation.  Ttic 
•Cb'^C!'  of  night,  h**arinK.  smell  and  tante  were  more  or  lesH  Impaired.  The 
aalmal  wae  a  stupid  creature,  but  the  di^'turbanceii  of  motlou  were  not 
to  bo  seen  until  the  two  sides  of  the  body  were  compared,  when  IC  was 
ootloeable  that  motion  was  impaired  upon  the  sidcoppo^lte  totiielefliOD. 
Id  the  aeooud  diagram  Is  repre*>entcd  a  case  when*  the  attempt  was  made 
to  cut  ont  the  frontal  portions  of  both  hemispheres.  In  adciltlon  to  the 
intended  removal,  a  secondary  dcgeneratioD  of  the  left  occlplta.1  region 
occurred,  which  left  In  the  eud  hardly  more  than  one  quarter  of  the 
bnalspheres  intact.  The  dog  lived  two  and  a  bulf  months  after  the  last 
Operation,  and  exhibited  that  cea.«ele.«s  actlrlty  chanicteristics  of  dogs 
from  which  the  frontal  lol>es  have  been  removeil.  Voluntarily,  it  did  not 
take  food ;  but  when  food  wa«  givi^n  It.  all  the  mechanical  processes  of 
elMwlDg  and  gwallowing  were  executed.  The  emotional  sounds— bark- 
loff,  whining.  growHtig,  et<'.— were  appropriately  used.  At  the  time, 
when  this  animal  was  described,  the  operation  was  the  mo^t  severe 
r«corrIed  for  dog«.  Since  then  Ooltz  has  made  s  complete  removal  of 
both  hemlaphereit*  and  the  animal  lived  61  days  after  the 
operation.  This  Individual,  for  one  reason  or  another,  preserved 
mo  spoclal  senses.  Ttiere  was,  however,  no  paralysis  of  any 
■ivsclM,    aud    the    dermal    seDsattoDB  were    erery  where    present. 
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As  in  the  prertoos  cane,  it  required  to  bo  fed,  but  food  placed 
well  buck  In  ita  moath  wae  properly  chewed  nnd  awHllowed.  It  moved 
About  flpontanpously,  would  ^UDd  upon  ItR  hind  tef;s  and  wallc  In  a  of>- 
ordinated  mimner.  WhcD  hutif^ry,  it  was  restle^^^;  when  ftatiaAed,  It 
slept.  It  could  be  awakened  by  ii  tou<'h  u|>on  any  part  of  its  body,  and, 
when  so  roused.  It  stretched  after  the  manner  of  WakiDgr  animal*-  From 
the  foregoing,  it  will  be  f>eeu  that  tlie  l0!-s  of  (hehemiiipheres  in  the  casft 
of  a  dog  \»  a  pretty  »terlou«  mattiT,  but  that  a  dog  1%  Btill  capable  of  liv- 
ing after  ?uch  an  op^rnTlon.  and  preserves  at  least  hladermal  aenaibiHty 
and  conaideriible  control  over  hlfi  muscles.  Ae  regards  the  special  aenaeti, 
we  can  only  any  that  tome  remnant  of  vision  may  reiualu  In  a  dog  thus 
operated  apou. 

ChrtRtjanl' experimented  upon  rabbitu,  and  showed  that  when  both 
hemispheres  ate  removed,  the  rabttit  can  still  see  and  hear,  and  retains 
its  dermal  st^riAibiliiy.  His  eiperlmeots  are  open  to  the  obje^'ition  that 
the  anfraalft  were  not  kept  alive  for  more  than  two  days.  The  operations, 
however,  were  perfect,  and  obaiTvatlonp  began  immediateir  after  the 
operali'.n  wh?  performed.  A  rabbit  is  les«  disturbed  by  the  loss  of  ita 
hemisphercH  thtin  a  dog,  and  It  ift  particularly  noticeable  that  heannfp 
wasretaineil.  Birds  rI^jo  havebeeu  worke*!  upon.  Scbnid»*r'liii!*douetJie 
beat  work  upon  pigeon«.  'Hiere  i-i  a  wide  difference  In  the  iutelligcuceand 
the  relative  value  of  the  hemisphere«  among  the  various  orders  of  birds. 
When  a  pigeon  loses  Us  hemispheres,  it  may  at  once  begin  to  walk  or  will 
fly,  when  thrown  into  the  air.  In  some  cases  they  fall  asleep,  and  are 
aroased  only  by  hunger.  Often,  when  placed  upon  the  floor,  such  a  bird 
will  walk  continuously  until  some  obstacle  stops  It  for  a  moment;  whea 
stopped,  may  fall  asleep.  The  bird  sees,  and  this  spontaneity  h  due  to 
the  fact  that  It  can  see,  for  it  ronsts  when  it  becomes'  dark.  It 
can  not  feed  Itself,  wlien  its  cerebral  hemispheres  are  entirely  removed, 
but  the  retention  of  a  small  portion  will  suflice  for  this  purpose.  It 
bears  slightly,  but  will  not  heed  the  call  of  other  birds.  Taste  and  smell 
are  dlfllcult  to  demonstrate,  even  iu  normal  birds.  It  will  choose  between 
two  perches  the  one  that  is  best  suited  Co  its  purpose. 

Kcptiles  have  hceii  exiKirlmented  upon  T**ry  little.  We  may  pass  at 
once,  therefore,  to  frog^.  A  frog-*  is  not  deprived  of  all  spontaueity, 
when  the  cerebral  hemispheres  alone  are  removed,  that  is,  when  the 
thalamus  remains  intact.  The  frog  can  jump  and  feed  itself;  It  avoids 
obstacles  and  can  see.  it  burys  itself  In  the  winter  and  awakes  in  the 
spring.  In  fact,  the  chief  difiereuce  between  the  operated  and  normal 
frog  IS  in  a  certain  slowness  and  sluggishness  In  initiating  any  action. 
This  discussion  is  complicated  by  the  fact  that  the  cerebralhpmifiphcre* 
consist  of  a  basal  ganglion,  over  which  l^  «j>read  a  mantle.  The  mantle 
is  functionally  the  more  important  In  the  higher  animals,  while  it  Is  of 
very  little  importance  In  the  lowest  vertebnite»,  ami  in  the  fr»»g  it  may 
be  removed  without  producing  observable  symptoms.  In  the  bony  flsh, 
the  m&utle  can  be  shown  hlstoIogicAlIy  to  be  non-nervous  In  structure, 
and  whatever  cerebral  functions  such  Knaniinnl  mav  hiiveare  a9soci»ted 
with  the  basal  ganglia.  Cutting  off  all  hut  th<>  thalamuii  In  a  flsh,  there 
is  no  apparent  loss  of  function,  but  the  animal  appears  a  trifle  more  raRh. 
It  can  oalance,  swim,  play,  feed, distinguish  between  a  worm  ami  a  piece 
of  string,  and  select  red  wafers  from  an  assortment  of  various  colors 
thrown  upon  the  water.* 

We  have  some  experiments  upon  the  shark.  If  the  brain  is  cut  ofl*  In 
front  of  the  thalamus.  It  can  not  feed,  but  retires  to  one  side  of  the 
aquarium.    The  animal  c«tt  see,  but  this  le  of  no  value  to  It.    The  same 
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eflect  was  produced  when  the  olfactory  loboe  ftlooe  were  cut  ofl.  The 
UiiLrk  depeodtt  u|)uti  it»  isensc  of  eiuell,  aod,  since  cattluK  of  the  cerebral 
beuil'phere^i,  deprived  it  of  Iti  most  ImporCAat  sense,  the  cQect,  as  we 
bare  »eeu,  wu  icrtous.  The  relation  of  the  doininaut  wnse  to  the  cere- 
bral heuiiflphere«  mnet  always  be  borne  in  mind  in  estimating  the  value 
of  these  experiments.  For  when  the  relation  of  this  sense  to  the  hemis- 
pheres is  such  thnt  it  must  be  necessarily  Injured,  the  effect  will  be  far 
more  serious  tliau  in  those  CHBes  where  it  eHcapeti  injury.  Wituc'^s  the 
remoTal  of  the  cerebral  hemispheres  lu  tlie  t^hurlc,  wht*r«;  the  doiriluant 
sen*»e — the  olfiu-tory — Is  nefOS'sarily  Injured,  and  the  bony  ilsh,  in  which 
the  dominant  sense — visual — Is  not  dii^turbed- 

The  plaBtieity  of  the  nervous  system  is  shown  by  the  following  experi- 
ment:' If  the  cerebrum  of  a  shark  be  cut  out  unsymmetricalty,  forced 
movements  occur;  the  animal  swims  In  a  circle.  If  a  shark  be  beheaded, 
the  trank  swims  In  a  straight  line.  If  now  an  animal  be  taken  and  an 
uuaymmetrieal  operation  on  the  brain  be  iierfoniied,  so  as  to  obUin 
forced  movements  and  tlie  animal  thereupon  l)e  beheaded,  tlie  trunk 
exhibits  forced  movements  —  like  tliosc  before  behi^iding  —  and  which 
appear  independent  of  any  [M'nuaneni  contracture  In  the  muscles.  If, 
however,  the  time  between  the  production  of  forced  movement  and  the 
final  beheading  be  less  than  eight  or  ten  hours,  forced  movements  in  the 
trunk  alone  do  not  occur.  It  tlius  appears  that  a  certain  lengtli  of  time 
is  necessary  to  educate  the  spinal  cord  to  perform  this  motion. 

Lecture  VI. 

Gentlemen:  To-night  I  wish  to  give  some  account  of  the  principal  ex- 
planations which  have  been  otteretl  for  pheuoincna  of  cerebral  localiza- 
tion, and  to  indicate  some  of  the  point  h  of  t-ontact  between  these  ]rhcnom- 
ena  and  psychology.  The  explan&ttuuB  that  have  been  otfcred  have  been 
mainly  from  physiological  point  of  view,  and  have  often  lacked  a  good 
anatomical  foundation.  The  phenomena  which  the  various  authors  try 
(o  explain  may  be  summarized  as  follows :  The  meaning  of  the  move- 
menta  that  follows  stimulation  of  certain  portions  of  uic  cortex;  the 
nratnSog  of  the  loss  of  movement  and  »ien!iat!un  which  follows  removal 
of  portions  of  the  cortex;  the  slgnifluance  of  the  permanent  or  trans- 
lent  cliaracter  of  those  symptoms,  and  where  transient,  the  intori>ruta- 
tton  of  the  gradual  return  of  function.  Further  the  degenerations  fol- 
lowing removal  of  portions  of  the  cortex  are  to  be  explained.  The  ex- 
pUoaiioaa  that  have  t>eeu  offered  have  been  atrongly  influenced  by  the 
bills  of  there  authors,  and  differ  from  one  another  nintnly  in  the  emphasis 
which  they  put  on  similar  facts.  For  example  SchlfT—  Pfluoger.  XXX, 
18S3, — was  strongly  iufluenctni  by  two  previous  conclusions,  first,  that 
nervous  centres  were  not  artificially  extltabie,  and  second,  that  dorsal 
GOlamns  of  the  spinal  cord  were  the  afferent  paths  for  tactile  impulses 
and  lesion  of  them  would  cause  an  ataxic  disturbauoe  of  locomotion. 
For  hLm  the  true  centres  for  sensation  and  motion  were  In  the  baFai 
gungila.  The  nerve  fibers  connecting  these  centres  with  the  spinal  cord 
formed  an  arch,  the  summit  of  wltich  lay  more  or  less  close  to  the  sur- 
face of  the  hemispheres.  Stimulation  of  the  cortex  excited  these  senso- 
ry or  apfltheswlic  fibers  and  brought  about  a  reflex  motion.  Deep  re- 
moval of  the  cr)rtex  injured  the  eflcrent  or  kluesodlc  fibers  and  gave  rise 
to  secondary  descending  degeneration,  lietuni  of  function  after  Injury 
was  due  to  t!he  takine  up  uf  the  lost  functions  by  those  portions  which 
remained  intact.  Scnifl'  thereforeemphasized  the  sensory  side  in  bis  ex- 
planation. Uc  looks  upon  Munk  (Kuuctioncn  der  Grosshtrnrinde  p.  42) 
aa  the  man  nearest  the  truth  in  his  explanation.  Munk  was  ctruck  by 
the  fact  that  even  out  side  of  the  so-called  motor  regions,  stimulation  of  the 
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cortex  gnye  rise  to  morenieiitA.  These  extra  motor  movementit  were  panic* 
ularly  a88«x-iated  with  the  nrgans  of  special  eense  and  were  obuiiaed  from 
regiODB  of  the  cortox  which  were  later  found  to  be  the  centres  for  theae 
epeciaJ  Benses.  8incp  then  each  8peclal  sense  appears  to  have  definite 
movenientB  associated  with  It,  Muuk  was  led  to  regard  the  motor  reg^lon 
of  the  authors  as  a  cortical  centre  for  tactile  sensation,  In  the  wide  aenM 
of  that  term.  »ud  the  motor  reftpoDses  here  were  to  he  compared  with 
the  luuliouR  of  the  eye  upou  ttllmulutlou  of  the  viituul,  or  of  the  Ciir  or 
atlmulatiou  of  thn  auditory  region.  In  order  to  undorBtJind  hi»  theory 
of  the  restitution  c>(  functiun,  we  may  reganl  h\a  I<Iea  of  the  visual  area, 
where  be  has  worked  out  his  views  In  detail.  lu  the  first  place  there  Is  a 
detailed  rcpreseutallon  of  the  retina  In  the  cortex.  In  the  centre  of  this 
ref;(ou  are  the  cells  which  receive  the  Bimple  sense  Impresgioos  aad 
around  about  thifi  central  portion  are  cells  which  store  visual  memories. 
Removal  of  the  fonner  cauaes  absolute  btludne<t>:,  removal  of 
the  latter  mind  blUidneKS  or  loss  of  visual  memories.  >Mien 
restitution  of  function  tabes  place  It  is  by  the  education  of  the  un- 
occupietl  cells  in  the  surrounding  rc^fions.  If  rtll  cells  capable  of  this 
further  develooment  are  removed,  the  animal  becomes  completely  and 
permanently  blind.  Wundt  has  criticised  the  psychological  side  of  thU 
view  with  all  needful  severity  and  we  shall  see  that  the  experiments  of 
Gkiltz  satisfactorily  do  away  "with  any  such  theory  of  restitution.  Ooltx* 
came  to  the  quastlon  fresh  from  the  study  of  the  spinal  cord  and  appar- 
cntly  convinced  of  the  general  troth  of  Flourcn^"  view,  thiit  there  was 
no  9peciHli7-!itioa  nf  function  In  the  hemisphere?;;.  In  his  general  view  of 
localization,  Goltz  Is  as  far  as  any  one  from  that  which  i.-«  demanded  by 
the  cliulcal  medicine  of  tOMJay.  At  the  same  time  lie  has  contributed  a 
large  nmouut  of  experimeulal  material  which  forms  one  of  the  most 
valuable  chapters  on  this  subject.  In  the  first  place  he  distinguished 
sharply  between  permanent  and  transient  symptoms;  the  latter  were 
brought  about  by  inhibitions  due  to  the  secondary  degeneratious  and 
other  dlsturbancea  imniedlHtcly  following  the  operations.  For  him  what 
is  lost  if  permiineuUy  loRt,  so  that  restitution  of  function  is  never  quitA 
complete;  but  siuce  each  hemisphere  is  couue^'ted  with  both  halves  of 
the  body,  there  may  be  an  apparent  return  of  function  due  to  this  fact. 
When  both  hemispheres  are  removed,  he  is  forced  to  tlie  segmental  cen- 
tres, as  explained  In  the  last  lecture.  In  this  controversy  and  especially 
against  Goltz,  It  has  been  from  time  to  time  urged  that  the  removal  of  a 
centre  or  a  region  was  not  complete  and  hence  the  functions  were  not 
abolished.  Here  and  there  some  evidence  appears  that  the  physlologl- 
cftl  value  of  a  small  portion  of  the  cortex  may  t>e  out  of  all  proportion  to 
its  actual  sl/e;  but  we  can  say  nothing  more  on  this  point  until  it  has 
been  subjected  to  a  direct  experimental  test.  IHtzig'  from  the  experi- 
mental side  and  Nothnagel*  have  emphasized  the  idea  that  disturbances 
of  the  muscle  sense  are  the  cjiuae  of  the  motor  di9turb»nco  observed. 
To  this  view  Uastian^  has  added  the  suggestion  that  the  motor  regions, 
besides  being  centres  for  the  muscle  sense,  were  also  centres  for  obRcure 
senpationa — kina-sthesls — which  informed  us  of  the  state  of  couiraction 
of  all  the  muscles  of  the  body,  and  thus  profoundly  influenced  the  con- 
traction of  any  given  muscle.  Bain  and  Wundt  have  added  the  ^ense  of 
effort  as  a  function  of  the  efferent  nerves;  but  this  needs  hardly  to  be 
taken  into  account,  since  Prof .  James' criticism  of  their  view.  I  men- 
tion these  points  to  show  how  much  vested  Interest  there  Is  In  the  vari- 
ous theories  of  the  muscle  sense,  rather  th&ti  to  cmphaslKe  their  Import- 
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anee  for  onr  present  eocalderAtloa.  BrowD-Sequard'  has  emphasized 
the  ideft  o(  Inhibition.  For  hltu  both  sides  of  the  body  are  represented 
in  eni'h  hemmphere  of  Che  brain  and  the  usiiul  syniptoni^  which  are 
lAken  to  iodli-ate  motor  and  sensory  ecntros  In  the  cortex,  are  but  the 
results  of  the  inhibitory  effect  of  IcRions  acting  upon  centres  elsewhere 
ftltuated.  He  attempts  to  suuport  bU  view  by  cliuical  evidence  to 
ihow  that  lesions  almost  anywhere  In  the  cerebrum  may  produce  alm- 
llar  tiymptoras.  The  method  of  proof  is  open  to  gxuxe  objection^!.,  and 
Brown-£3equard  han  few  If  any  disciples.  At  the  ?Hme  time  it  is  not  im- 
possible that  some  of  (he  lagtiiDces  showing  defect  on  the  i*ame  side  as 
the  le«ioo  may  be  true  and  explicable  on  the  a«iaumptIoa  of  anomilles  in 
the  structure  of  the  oervoue  system. 

Without  further  entering  upon  the  history  of  these  views,  I  will  at 
once  proceed  to  give  the  explanation  so  far  as  it  seems  weil  supported  by 
anatunif .  GoltzTias  ^howii  that  the  dbturhaiiees  in  locomotion  and  other 
moTements  cauuot  be  properly  explained  by  referrinjf  them  to  defects  iu 
fensatiOD.  For  our  general  cxplanutluii  w»  come  back  to  the  idea  de- 
veloped in  the  Ut«t  lecture  of  a  short  seemeiital,  or  a  long  central  path. 
To  use  the  term  sensory  with  regard  to  the  afferent  and  motor  with  re- 
gard to  the  efferent  iH>rt!on  of  the  central  path  Is  to  a  certain  extent  mla- 
teadiue-  The  terms  are,  however,  lu  common  u»e,  and,  If  we  can  escape 
aliucblng  too  much  value  lochem,  are  satisfactory.  The  course  of  the 
incoming  impulse  over  the  ^nsory  path  Is  yet  to  be  made  out.  On 
leaving  the  cortex  by  the  motor  path  its  course  seems  comparatively 
clear.  It  is  quite  Impossible  to  say  whether  In  stlmuUting  the  cortex 
we  stimulate  the  fiensory  cortical  elements,  and  thu?  Influence  the  motor 
Doe»  or  stimulate  the  motor  directly.  Any  geuerHl  scheme  must  also 
explain  the  restitution  of  function  and  this  tei-m  may  stand  for  a  num- 
ber of  different  events,  esi>eciully  lu  the  hlghtr  animals.  As  Horsley' 
has  shown  tlie  restitution  of  function  in  the  case  of  heuiorrhage  into 
the  Internal  capsule  may  be  well  associated  with  the  resorption  of  the 
clot.  Again  the  muscles  of  the  phonatlon  and  mastication  have  in  man  a 
bilater^u  cortical  representation  so  that  as  a  rule  these  muscles  on  both 
sldfS  of  the  body  are  rej'rei^ent^d  in  each  hemisplieri'.  Here  of  course 
the  explauatiou  of  restitution  Is  coinpanitivuly  simple  and  it  is  this  ex- 

flanation  wlilch  is  alau  used  In  case  of  dogi*  with  &  single  hemisphere. 
D  fact  bilateral  representation  appears  to  increase  as  we  pass  down  the 
vertebrac«  series.  'I'liere  seems  to  be  no  evidence  to  show  that  when  the 
arm  is  paralyzed  tlirough  corticn]  lesion  ilmt  there  is  here,  in  man  at 
least,  a  restitution  of  function.  But  there  is  still  another  sort  of  restitu- 
tion which  differs  mainly  pirhsps  from  the  fact  that  It  is  more  complex. 
J  refer  to  such  cases  as  those  iu  which  articulate  speech  is  reacquired 
after  destruction  of  the  motor  speech  centre  ui>on  one  side.  About 
such  an  instance  clui<ter  a  number  of  iutereHMng  problems.  We  know 
that  as  a  rule  for  speech,  both  motor  and  tensory,  the  left  hemisphere 
U  the  more  Important.  Why  this  Is  the  case  is  nevertheless  not  clear. 
That  the  Important  sensory  and  motor  centres,  which  are  in  practice  In- 
terrfUtcd,  should  come  to  be  In  the  same  hemisphere,  seems  a  natural 
rvsutt  of  the  better  anatomical  connections  t>etween  these  centres  on  the 
•aow*  f>ide of  the  brain;  but  whether  lu  the  determliiatiou  of  this  side 
tb«  motor  or  sensory  element  takes  the  lead,  we  cauuot  say.  At  the 
same  time  It  would  appear  that  both  hemispheres  of  the  bratn  share  In 
Uie  cilucatlou  even  in  those  cases  where  the  exercise  seems  to  be  limited 
to  our  «ide  of  the  body.  If  this  la  so,  then,  the  reacqulsitlon  of  lang- 
ua^  by  an  adult,  after  loss  of  the  motor  centre  for  speech  on  one  side, 
would  perhaps  be  dej>endent  upon  this  double  education  of  the  brain  and 
(be  possibility  of  establishing  connections  between  the  sensory  and  mo- 
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tor  centres  In  the  hemlitphcTe  which  hud  not  been  explicitly  exerclaed- 
Tlile  necessarily  brlogs  to  oor  con8ld«?ratioo  the  manner  in  which  we  are- 
te think  of  these  assoclatloDJi  as  Utktnf;  place,  'llie  tnn)^  period  of  help- 
leasncss  In  the  hiehen  maminallit.  the  evident  pfftx'l  of  imlninjf  and  ex- 
ercise In  the  eantosi  yeant  of  life,  would  seem  nt  first  to  {ndnt  to  the 
estabUshment  of  new  luorpholoKicul  relations  as  the  rei^ult  of  functional 
actlTity.  Actopcrexuminutiun  brings  out  a  goo<l  d^al  of  evidence  against 
thU  view.  If  functional  superiority  has  a  morphological  basis,  then  the 
left  side  of  the  brain  should  In  most  Instances  be  the  more  largely  de- 
veloped. In  the  average  individual  the  difference  In  weight  between  the 
two  hemispheres  lies  within  I  lie  errors  of  of'servaliou.  Weuiu*t  consider 
that,  if  a  morphological  chatige  U  brought  about,  it  is  prnctically  the 
i^nnie  in  both  hemispheres.  Ftirther,  In  l^aurA  Briiigman,  the  portions 
of  the  hemispiieres  connected  with  her  defective  sennes,  though  in  some 
instances  slightly  abnormal,  were  by  no  means  lacking  nor  histological- 
ly degenerate.  So  far  as  we  know  slie  had  neither  visual  or  sensory 
memories.    Considering  growth  nud  function  as  closely  related,  then  the 

frowth  In  these  portions  of  her  hemispheres  WM  certainly  remarkable, 
am  incline<I  to  the  view  that  the  niorpliologicalcharaoteristicsofa  brain 
are  very  early  flxed  and  that  eilu(;ari<in  has  to  do  mainly  with  functional 
developments  hence,  lu  the  cai»e  we  have  been  considering,  the  reac^iulsl- 
tion  of  speech  would  de|>end  on  asFaocIatlou  paths  which  had  already  ex- 
isted. The  sensory  regions  of  the  cortex  have  a  peculiar  interest  and 
value,  for  it  seems  ou  the  one  hand  that  the  Ideational  of  processes  are 
most  closely  linked  with  the  sensory  regions  and  that  on  the  other  hand 
a  single  sensory  region  may  serve  as  the  basis  for  an  intellectual  life: 
witness  the  mental  development  of  the  blind  deaf-mutes.  It  maybe 
safely  Buid  that  in  acuteuesii,  mau  is  surpassed  by  laorne  animal  In  the 
case  of  every  sense.  Mau  Is  peculiar  In  the  high  development  of  several 
senses  and  in  the  ability  for  cross-reference  between  them,  so  that,  al- 
though each  principal  sense  at  least  would  seem  to  be  sufficient  for  a 
basis  of  au  intellectual  existence,  and  thus  each  senftory  region  might  be 
considered  a  little  brain,  yet  fulitiess  of  Intellectual  development  would 
ap|>ear  to  associate  itself  with  a  high  i>lnmUaneous  development.  On 
this  point  the  manifold  symptoms  of  aphasia  arc  most  instructive. 


NOTES  ON  MODELS  OF  THE  BRAIN, 

TTknav  n.  DoKALDvoK,  Clark  Ualrerslt}-. 

1.  The  use  of  models  of  the  brain  as  one  means  of  instruction  rei^ulres 
DO  apology.  In  view  of  the  iotereyt  which  at  present  attache?  to  such 
models,  rhave  made  a  list  of  the  principal  ones  with  some  annotations. 
At  mv  suggestion,  Mr.  T.  L.  Bolton  has  prepared  a  translation  of  the 
description  of  the  largo  brain-model  manufactured  by  Auzoux.  This 
model  appears  to  be,  on  the  whole,  the  most  Instrnciive  one,  and,  as  the 
original  deficrlption  was  In  French,  the  anatomical  terms  of  which  are, 
as  a  rule,  unfamiliar  to  our  students,  It  was  thought  that  such  a  transla- 
tion of  the  description  would  malie  It  more  generally  useful. 

List  of  Mohkls. 

1.  Aeby*8  wire  model  of  brain  and  cord :  (Phantom  des  Faserverlaufea 
Im  menschllchen  Gchirn  und  Kdckenmark  von  I'rof.  Dr.  Chs.  Aeby), 
Made  by  F.  R.  BUchi.  Meckanlker,  Berne,  Switzerland.  Price,  BOO  francs. 
Material,  wire  and  cork.  Shows  the  path  of  the  fibres  according  to 
Wernicke  and  Is  enlarged  about  six  diameters.  Useful  from  the  fact 
that,  though  giving  the  relations  In  three  dimensions,  It  Is  tran<;purenc. 

2.  Auzoux  (Mme.  Ve  Auzoux,  5fi  Rue  de  Vaoguanl,  Paris).  The- 
synthetic  preparation  of  the  braiu  (Cerveaa  de  Texture  de  tres^grande 
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BHAIX  MODEL  ON  A   LARGE  SCALE. 
Br  Da.  Aczoux. 

TruiftUied  b/  T.  L.  Boltok. 


KxpLAKATORT  REMARKS.— Ad  Ordinal  number  preceded  by  the  Hign 
8^*",  IndicHtes  that  the  piece  upon  wlileli  it  U  placed  may  be  detached; 
tbe  sraall  numbers  or  leltera  of  the  alphabet  Indicate  the  details. 

In  th!8  new  edition  of  the  human  brain,  the  course  of  the  Dcrve-flbreB 
can  be  traced  through  all  the  parts  of  the  encephalic  ma&s.  This  prep- 
aration was  constructed  from  dissections  made  on  normal  brains 
hardened  in  chromic  acid  according  co  the  directions  of  Dr.  Luys.'  .  .  . 
It  enable."  one  to  «ee  many  detail)!  in  the  cerebrum,  In  the  cerebellum, 
in  tbe  |K»ns,  in  tbe  medulla  oblongata,  and  In  the  cephalic  part  of  the 
spinal  cord. 

»J*Xo.  1. 

Left  half  of  the  callosum  — great  commissure,  corpus  callosam,  cal- 
lo):um,  corps  calloux,  dcr  Italkcn. 

The  callosum,  from  which  the  cerebral  mass  is  almost  completely 
separated,  represents  a  kind  of  box  which  forms  Che  walls  of  the  lateral 
ventricle. 

The  three  kinds  of  nerve-fibres  which  enter  into  the  composition  of 
the  cerebrum  are  represented  In  arbitrary  colors  of  different  shades. 
They  are  designated  by  the  nnmes:  Afferent  or  eeniiory  fibres,  efferent 
or  motor  fibres,  and  cumuiissural  fibres;  those  which  connect  the  two 
hemispheres. 

1.  Dorsal  surface  of  the  eallosum. 

2.  Cephalic  extremity  of  the  collosum  —  the  knee,  genu  corporis  cal- 
losi,  genu,  genou  die  Halkenknie. 

3.  Kefiocted  portion  of  the  eallosum— £ — ,  rostrum  corporis  cailosl^ 
rostrum,  bee,  der  Schnabel. 

4.  Caudal  extremity  of  the  eallosum  corresponding  to  the  splenium — 
E — ,  splenium  corporis  callosl,  splenium,  hourrelet,  der  BalkenwuUt. 

5,6.  Longitudinal  tracts  —  ner\'es  of  Lanclsl  —  mosal  longitudinal 
strlie,  strife  longUudlnnles  medlnles,  If^— ,  nerfs  de  I^nclsl,  0~. 

6,  6,  G.  Transverse  tracts—  transversa  striw,  L—^  H'— ,  tmctus  trans- 
vesaux,  0 — . 

7  a,  a,  a.  Afferent  or  sensory  fibres  [fibres  convergentes  euperiea 
res  (Luys)]. 

8  b,  6,  6.    Commissural  fibres  [fibres  commlssurantes  (Luys)]. 

9  c,  c,  c,    Kfferent  or  motor  fibres  [cortIco-strl<;C8  (Luys)J. 

10.  Portions  of  the  corona  of  Keil  —  fibrous  cone,  corona  radlata 
corona,  conronoe  de  Uell,  dcr  Stubkrauz. 

n.    Ventral  surface  of  the  eallosum. 

13.  Sphenoidal  boundary  of  the  lateral  ventricle  (etut  de  l^ippo- 
campe). 

13.  Posterior  horns  of  the  Uteral  vt-ntricle  —  posterior  horn,  coruu 
posterius,  postcornu,  cavltc  di£itale^  das  Hlnlerhorn. 

14.  Unciform  eminence,  calcar  avis,  calcar,  ergot  de  Horaad,  der 
Vogelspom. 

jlo.    Calcarlne  fissure,  flssura  calearlna,  calcarlne  fissure,  repll  de  la 


rconvolution  dc  I'ergot,  tf — . 


No.  2. 


Left  half  of  the  fornix, — £—,  fornix,  fornix,  vo&t«  a  trole  piliers,  die 
Gewoelbe. 

'  Retilierebes  lur  le  ayit^mn  nrrreux  c6rAbro-spliwl.— «a  nmccure.  sm  fdOoUooA  M  SM 
iuala«Ib!«,— BoeompainiA  d'UQ  atlaa,  par  J.  -J.  iMyu,  Parit,  ISM. 


upon  this  portion  may  be  notlcwt  the  anterior  pillar  of  the  fori'lx,  it» 
conuQUHtloD  wUli  the  hippCK^aiuiuiH  niHJur,  thu  inBertioa  of  the  aficrcDC 
fibres  of  this  region  In  the  gyri  of  the  blppocumpus,  Che  comtni<^flural 
llbreathat  arl^  In  the  eortieal  vcU^  and  uuite  ro  form  the  lyra,  iiml  liow 
as  fibres  of  the  lyra,  on  reachlnfj;  tlLc  anterior  pHIar  they  decux^aie  to 
form  the  anterior  commissure  (Luys). 

1.  Anterior  pitlar,  oolumna  fornicis  anterior,  foraicoluniua,  pllier 
ftnterlenr,  vorderer  Gewoelbeschenitd. 

2.  Posterior  pillar,  eolumna  forulciB  posterior^  IT—,  plller  po^terleur, 
hioterer  Gewoetbesclieukel. 

3.  A  portion  of  the  lyra— ff— ,  lyra,  lyra,  lyre,  die  Leler. 

4.  £— ,  hlppooampus  luajor,  htppocampas,  hlppocampe  ou  corue 
d'Ammon;  Ammontthorn. 

B.  K — ,  fimbria,  tltnbria,  bandelette  de  I'hippocampe  oo  corps  bor- 
dant,  der  Saum. 

6.  ilippocampal  gyms— £— ,  gyrus  hippocampus.  IT—,  oircoQVolu- 
rton  de  l"hlppocampe,  fV — . 

7.  S—y  uncus,  uncus,  crochet,  der  Bakea. 

8.  The  free  Iwrder  of  this  gyrus  which  is  contlnueil  upon  the  cal- 
Io»um  under  the  name  of  the  nerve  of  Lnneisi,  1b  called  deniate  convo- 
lution,— foj^cla  dcQtata,  faaclola,  corpe  godronnd,  ges&hnte  Lei^te. 

9.  'Vhe  cortical  or  gray  matter — octocinerea — composed  of  two  layers 
of  cells. 

10.  The  whit*  or  fibrous  matter— alba  (W). 

n<  A  transverse  section  of  the  hippocampus  showing  the  windings 
of  the  medullary  fibres  and  thi'ir  Insertion  In  the  cortical  celif . 

12.  Termination  of  the  antf-rior  commissure  — comniUsura  anterior, 
priecommissura,  commissure  anti^rieurc,  vorderc  Commissur  —  in  the 
cephalic  portion  of  the  sphenoidal  lobe. 

13.  Posterior  extremity  of  the  callosum  — the  spleaium  of  the  «a- 
thon. 

•  No.  3. 


Superior  portion  of  the  left  optic  thalamus  —  thalamus  opticus,  thal- 
amus, CDuchc  optique,  der  SehhUgel. 

This  section  shows  a  portion  of  the  three  posterior  centres  of  the  thal- 
■maa,  the  fibres  of  the  optic  nerve  paaslng  from  the  geniculate  bodies  to 
the  metal  centre. 

I.  The  thalamus  showing : 

S.  The  met^al  centre  receiving  the  optic  fibres- inner  nucIeuBf 
oQcIeuB  clnereus  Intemus,  IT—,  centre  moyeu  {!<uy»),  lunerer  Keru. 

3.  'l*he  median  centre  receiving  the  fibres  of  the  dorsal  column  of 
the  spinal  cord  [centre  median  (Lays).]  (Considered  by  other  authors  as 
a  portion  of  the  lateral  nucleus.) 

4.  Posterior  centre  —  centre  poat^rieur  —  receiving  the  auditory 
ftbm. 

5.  Plextform  disposition  of  the  fibres  that  pass  from  the  thalamus  to 
enter  into  the  formation  of  the  cnroua. 

9.  The  central  tubular  gray  matter  —  L — ,  entocinerea,  substance 
grise  centrale,  centrales  Hohlt^ngrau  —  which  covers  over  tlie  thalamus. 

7.  Optic  tract,  tractus  opticus,  tractus  opticus,  bandelette  optique, 
der  Selistreir. 

B.  Kitt^rnal  root  passtng  to  (he  external  geniculate  body  —  corpus 
geniculutum  f*xrf>rnum,  gonlculatum  externum,  corj^s  genoullleexteme, 
tU99erer  Kniebm-kcr. 

9.  internal  ro<it  paAslog  to  the  internal  geniculate  body  — corpus 
geulculatiim  Internum,  genlculatum  Internum,  corps  genouill^  Interne, 
Innerer   Kuiehocker- 

10.  External  geniculate  body. 

II.  Internal  geniculate  body. 
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12.  Ftbreii  pH^ttlii^  Jfmin  the  geniculate  bodies  to  the  corpora  quadri- 
geminn — quarlri};emlii»l  hodi(*-t},  corpurn  or  tubercula  qu:idrlgemilia, 
corpora  quadrigt-mlnu,  tubiTc-ules  quudrljunieaux,  die  VierbUf^el. 

13.  Optic-  flbrcH  paHtiing  from  the  gcniuiiluie  bodies  to  the  niesal 
centre  ot  the  thalamus;  the  Abrea  are  laid  bare  by  the  removal  of  the 
central  tubular  gray  matter. 

B®*  No,  4. 
I'liper  portion  of  th(>  Intra-ventricular  corpus  striatum  — caudate  nu- 
Heu->,  nucleus  caudatus,  striatum  oaudatum,  corps  strle  iDtra-Teotricu- 
liiirc*.  geschwAnzler  Kern. 

yg^  No.  6. 

Annular  protuberance  or  Pon?  Varolii — tuber  annulare,  pons,  pout  de 
Vwrole,  die  brUcko— 

Sliowing  the  deeuHMtlon  of  the  flbrceof  the  middle  peduncle  of  the 
cerebellum  wltli  the  longitudinal  llbres  of  Ibo  ventral  peduncles  of  the 
cerebrum  —  a  decussation  which  gives  to  thU  portion  the  appearance  of 
a  mat. 

1.  Fibres  of  the  middle  peduncle  of  the  cerebellum — it— ,cru«  ad  per- 
tein^medlpedunculuH.pedoncleet^n'beileux  moyen,der  BrfickenscheuLel. 

i.    Decussation  of  tlicfie  fibres  in  the  medbin  Hue. 

3.  The  decussation  of  these  same  tlbrcs  with  the  fasciculus  of  the 
vtrntral  ijyramlds  —  pyramldcs  auicriores,  pyramided,  pyramidcs  aot^- 
rifures,  di*"  Pyramldun. 

4.  The  flbrcH  of  the  pyramid?. 

ti.    Trigeminal    nerve  or    Itfth    pair    composed    of  two  fasciculi — 
nervus  trlgemiou*,  W^,  nerf  trijumi'au,  die  drelgethellte  Nerv. 
C.     Motor  fasciculus  of  the  same  ner^-e. 

7.  !:>eoBory  fascIculuB  dividing  Into  two  branches. 

8.  A  branch  uniting  in  the  formation  of  the  fillet  —  lemniscus,  lecn- 
nl-icu?!,  flUet  de  Reil,  die  Schleife. 

9.  A  branch  p)t.<t!iiug  towards  the  central  gray  matter  of  the  axis. 

10.  Atxluceni  nerve  or  sixth  pair — nervus  abducens,  W^,  nerf 
oiHteur  oculalre  exterue,  allsserer  Augeumuakelnenr. 

8^^  No.  fi. 

Right  half  of  the  cerebellum  —  hind-brain,  cerebellum,  cerebellum, 
ci  rvelet,  das  Klelnhlrn. 

1.     Exterior  purf.>tce  of  tlie  cerebellum. 

•J.  Mdlan  lobe  "r  vermis  of  the  cerebellum — the  worm  or  vermiform 
pruceps,  lobua  crrcbelli  medlus,  vermis,  vermis  du  oervelet,  der  Worm. 

3.  LHterKl  lobe  of  the  cerebellum. 

4.  LobuVs  or  Rubdlviftions  of  the  cerebellar  hemispheres. 

5.  Superior  peduncle  of  the  cerebellum — crus  ad  ccrtbnim,  prje- 
pedunculus,  pMoucle  ccrebclleux  ftup^rleur,  der  BlDdeann. 

fi.     Middle  peduncle  of  the  cerebellum. 

7-  Inferior  peduncle  of  the  cerebeilum  —  cru«  ad  mcdullam^  postpc- 
dnnculufl,  p^doncle  eerebelleux  inferieur,  der  Mctlullursehenkel. 

S.  Valve  of  Vleussens,  velum  medulareanterius,  valvula,  valvule  de 
Vieus«en«,  vordercs  Markwgel. 

9-  Disposition  of  the  fibres  of  the  cerebellum  —  iP— ,  arbor  vlttt), 
arbor,  arbre  de  vie,  dor  Lehenfibnum. 

10.     The  fold*  of  the  enrtUnl  nmicer  forming  lite  folia. 

U.     Section  through  tiie  lateral  lobe. 

12.  Khomboldai  or  dcntnte  body,  corpus  dentatum«  dentatum,  corps 
deutal^.  <?— . 

13.  The  fibrous  portion. 

14.  Cellular  portion. 

15.  Divergence  of  the  while  fibres. 
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Itt.    Xuclei  of  the  g:ray  matter  lying  amoDg  the  foregoing  flbre^. 


[LutO 
17. 


Section  of  Uie  cortical  gray  matter. 

18,     A' — ,  uvuta,  cerehelll  uvulii,  luette,  dIeZapfe. 

16.  Valve  of  Tarlni,  or  posterior  uiedullary  velum,  velum  medulare 
pOflU'rittf .  uietatela,  valvule  dc  Turin,  lilntcrc  Hlruklappe. 

20.  lobule  of  the  pneumo-gjiatric — E—^  lobulus  appeudleutariA, 
flocculus,  lobole«  du  cerveletf  die  Flooke. 

SS-  No.  7. 

Letniii8cu«  or  ribbon  of  Rell  aad  the  left  half  of  the  corpora  quadrl- 
gemiua. 

l*he  fibres  which  compose  the  lemniacus  have  three  dlBtlnct  origins, 
and  after  having  deeu«SHtod  on  the  median  Hue,  come  to  He  dorsad  of 
the  Iter,  and  are  di-ttrlbuted  to  the  posterior  and  median  centrei<  of  the 
ttiuluinui).  The  dorfial  fibres  of  this  tract  decus&ate  and  form  the  poii- 
ttfrior  commlASure  [Luya]. 

1.  Aaterlor  tubercle,  corpus  quadrlgeminum  anteiius,  priegeml- 
Dum,  tubercate  ftupAriour,  obere  ZwelhUgel. 

3.  Posterior  iuht'rcle»,  cor|)u>*  <iua<irlgeiiilnuni  postertus,  po^tgemi- 
num,  tutwrcule  Inferleur,  untore  Zwelli(igel. 

3.  Central  tubular  gray  matter  covering  the  fourth  ventricle. 

4.  KasclfuluB  ftiriiH'd  by  the  triiicerniiml  nerve  (I,uys). 

ft.  Fasciculus  formed  by  the  auditory  uerve— nervus  auditorlui,  W. — , 
oerf  ai-oufttlque,  der  Horncrv. 

6.  Faaciculus  formed  by  the  spinal  cord  —  medulla  spinalis,  myelon, 
niiielii*  (pinlpre,  da^  Ittiekemmark. 

7.  DecuRsatIng  fibres. 

K.  I'ortlou  of  the  aquiuduct  Sylvll,  aqueeductus,  Taqaeduc  de  Syl- 
Tioii,  (lie  Wawerlf-ltung. 

9.  Portion  of  lh«  valve  of  the  VleuasenR. 

lU.  Trochlear  nerve  or  fourth  pair  —  nemiB  trochlearls,  IT. — ,  nerf 
parh^tlque,  der  Rollmuskelnerv. 

8&-  No.  8. 

Left  ventral  column  of  the  spinal  cord,  ventral  podunclee  of  the  cere- 
brurii  (the  ventral  pyramids  of  the  authors.) 

Thi*  portion  i>4  designed  to  show  b^w  all  the  efferent  fibres  (cortlco- 
^triees-Lay?!  traverse  the  extra-ventricular  portion  of  the  corpun  Ptria- 
turn,  thus  forming  the  three  arches  3, 4,  I> ;  and  how,  after  liavlug  formed 
thp  three  archcti,  iho  cortical  strln^forni  th.- three conee  which  constitute 
the  ventral  p*'duncle«  of  thr  cerfhroni,  that  is,  the  motor  tracts. 

I.  Extra-ventricularnucleus  of  the  corpus  striatum  cut  vertically — 
lenticular  nucleus^  necleus  lenticularln.  lentlcula^  noyau  extra-veutriru- 
lalre  du  corps  Rtrle,  der  Linsenkem. 

i.  Tlie  tertidnation  of  the  fibres  of  the  superior  peduncle  of  the  cere- 
fifllum  in  the  three  arches  of  the  corptis  striatum.     (Litys.) 

3.  Internal  nrch. 

4.  Middle  arch. 

5.  External  arch. 

6.  IxKros  niger  of  Vlcq-d'Azyr.     (Substantia  nigra  of  the  authors.) 

7.  Tnber  clnereum,  torus,  corps  cendri.  «.— 

8.  Itifuudlbulum,  intundlholum,  Infundibulum,  ttge  pltultaire,  der 
Trichter. 

0.    Corps  cendr^=tuberdnereum. 

10.  Opilc  tract. 

11.  Optic  commissure — chlaima,  cblasma  nervorum  optlcorum,  chl- 
aania,  chlasnui  des  ncrfs  optlques,  die  Sehnenrenbrenzuug. 

13.     (Omitted.) 

IS.    Olfactory  tract,  tractus  olfactoiius,  H'— ,  nerf  olfactif,  O.— 
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14.  MeMl  root.    (Luyi.) 

15.  Medl&n  root.     (Lays.) 

16.  Median  root  of  the  right  side  dubIdk  to  ihe  olfat^corT  ininellon  of 
the  left  Hide.     (Lays.)  »-         *  '«     * 

17.  Th<-  fibres  tJiM  bind  the  olfactory  ganglioD  to  the  central  gray 
matter.     (Lays.) 

18.  lateral  root,  utrla  externa,  IT—,  raclne  exUirae,  laterale  Warzel. 
1«.    Olfactory  ganglion.     [LuyBl 

20.  Portion  of  th?  ticnln  scml-circolariR  or  etrla  cornea,  tfenla,  lame 
corn^e,  der  (Jrenzstrcif. 

21.  Anterior  eominleeure — commisRura  anterior,  pnecommUsura^. 
euuimifiaurc  &nt43rleur,  vordere  oommisiiur — exposed  by  the  removal  of 
tt  portion  of  the  corpus  striatum. 

22.  Ociilo-motor  nerve,  or  third  pair>  nenruB  ocutomotorlos,  IT—, 
uvrt  moteur  oculalrc  commuDf  dor  Augcumuskelnerr. 

2;j.    Trochlear  nervt*  or  fourth  pair. 

'M.    Anrerior  peduncles  of  the  eerebrutn  formed  by  the  three  cones. 

23.  (OmlttPil.) 
20.  (OmUted.) 
37.  (Omitted.) 
2S.    The  Ahrcfi  of  the  middle  pcduoelea  of  the  cerebellum  iutercroas-J 

Ing  with  llui  Ilbret<  of  the  cerebral  peduncles. 

29.    The  fibres  forming  the  sensory  root  of  the  trigeminal  nerve,  or  j 
thp  fifth  pair. 

3ft.    The  fibres  forming  the  motor  root  of  the  fifth  pair. 

31.     The  flhrea  forming  the  rctot  of  the  abducent  nerve  or  sixth  pair. 

Hi.  After-bruin — m(*dullu  oblongata,  oblongata, bulbe,  das  verMugerte 
Mark — upoo  which  may  be  dUtinguished: 

3.1.  Anterior  pyramids,  corpus  sen  emlnentta  pyramidalU.  pyramU 
veotralls,  pyramMe  anterieuro,  O — ; 

34.  Left  olivary  botly — oUva,  oHva,  olive,  die  OHve — cut  to  show  the 
arrKogemcnt  of  the  arcuate  fibres— fibra-  arciformeis,  H^— ,  fibre?  arcl- 
fonnes,  die  HogcnfujUTii. 

35.  Arcuate  fil>rf(»  derived  from  the  Inferior  peduncles  (Luys)  of  the 
ccrebullum  decussating  in  the  middle  line. 

36.  The  hypoglossal  nerve  or  twelfth  pair  — nervus  hypoglossuSt 
*r— ,  nerf  grand  hypoglosse,  der  ZungenfleUchnerv. 

37.  Ventral  column  of  the  spinal  cord. 

|9«  No.  9. 

Dorsal  peduucle  of  the  cerebrum— tegmentum,  tegmentum,  6tage 
»U[»crleur  du  pedoncle,  das  Haubenfeld. 

lliU  portion  Is  designed  to  show  how  the  oer\'es  which  transmit  to 
the  cerebnun  tbe  eensAtlons  from  all  parts  of  the  body  are  focused  In 
the  four  centres  of  tbe  thalamu»<,  and  how  the  fibres  of  the  thalamus, 
changing  their  directiou.  pas?  below  the  t:eula  semi-ctrcularia  to  unite 
In  forming  the  corona. 

1.     Portion  of  the  corpus  striatum- nueleus  caudntus. 

%     Portion  of  the  corpus  striatum— nucleus  lentlcularU. 

3.  The  thalamus  cut  transversely. 

4.  fephiilic  or  olfactory  centre — tubcrculum  anterias,  IT—,  cfJitre 
antrrieur,  die  vorderer  Kern — of  the  thalamus. 

R      Mei»»l  or  optic  centre 

6.  Mfdian  or  Inferior  centre. 

7.  Post*frior  or  acoustic  centre  —  tuberculum  posterlus,  palrinar^ 
centre,  postcrieur,  derPolster. 

8.  Posterior  comrai.<sure,  commissur*  posterior,  postcomoiUsuni, 
commlivure  [»o*terleure.  hinierer  Coinmlssur. 

9.  Gr«y  or  soft  iM>mmI«fure  of  the  thalamus— middle  comniUsure, 
commissnra  mollis^  medlcommlssura.  eoosniluiire  griae,  6 — . 
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10.  MammlUarr  bodies,  corpora  mammlllaiia,  albicans,  Eminence 
mammlUalre,  die  MarkkUgelchen. 

11.  Forameo  of  Monro,  foramen  Monroi,  porta,  troa  de  Monro,  & — . 

12.  Anterior  pillar  of  the  fornix. 

13.  Anterior  fibres  of  thin  pillar  proceeding  ^^  the  gray  matter  of  the 
•eptam  locldum— hemi-fteptum,  J*—,  die  Scheldewana— and  to  the  cor- 
poi  striatum. 

U.  I'oEterlor  fibres  forming  the  peduncle  of  the  pineal  gland — 
pedunculus  coroaril,    habena,  pedoncle  de  la  glande  pln6ale,  9 — . 

15.  llie  fibres  of  this  peduncle  commanicatlDg  with  the  anterior 
centre  of  the  thalamus. 

16.  Descending  fibres  proceeding  to  the  corpora  mammlUaria. 

17.  Bundle  of  Vicq-d'Azyr— radii  descendensfomlcla,  JT^,  fascicule 
de  Vlcq-d^Azyr  G — ,  proceeding  from  the  anterior  or  olfactory  centre  to 
the  corpora  mammlllaria. 

IS.     Tienla  semleircularls. 

19.  Superior  oltvar>'  body  or  the  corpus  of  Stilling— tegmontnl 
oacleust  uucleus  tegmentl  (erroneously  called  oU^  supiriture  by 
Luya),  der  rothe  Kem. 

20.  The  depression  la  this  body  designated  as  the  hllum. 
31.    Left,  superior  peduncle  of  the  cerebellum. 

23.    llic  fibres  of  tiiis  peduncle  decugaating  in  the  middle  line. 

S3.    Inferior  peduncle  of  the  cerebellum. 

M.  The  fibres  of  this  peduncle  intermingling  with  those  of  the  dorsal 
column  of  the  spinal  cord. 

26.  The  dor^iil  column— columna  posterior,  W—^  cordon  poBt^rieur^ 
0 — ,  — of  the  splual  cord. 

M.  Be&tiform  bod^, '  —  corpus  restlforme,  reatls,  corps  reatitorme, 
das  strangformige  Korper. 

37.  Posterior  pyramid, '  clava  fuoieall  gracilis,  olava,  pyramlde 
poiUrieure,  Cf—. 

98.    Floor  of  the  fourth  ventricle. 

f9.  Calamus  scrtptorlns  continuous  with  the  central  canal  of  the 
spinal  cord. 

30.  Iter. 

31.  Gray  matter  of  the  axis  passing  across  which  the  ascending  fibres 
of  the  posterior  peduncle  of  the  cerelsellum  may  be  seen. 

33.     DorMsl  column  of  the  splual  cord. 

33.  Entrance  of  these  fibres  In  the  median  centre  of  the  thalamus. 
[Loys.] 

34.  Plexiform  arrangement  of  the  fibres  leaving  the  centres  of  the 
thalamus. 

35.  Their  course  below  the  tjenla  semlclrcularia. 

36.  These  fibres  ascending  to  form  the  corona. 

37.  Corona. 

38.  The  root  of  the  oculo-motor  nerve  or  the  third  pali. 

39.  The  root  of  the  trochlearls  or  fourth  pair. 

40.  Origin  of  the  trigeminal  nerve  or  fifth  pair. 

41.  The  motor  root  of  the  trlgemluiil  nerve. 

43.    The  root  of  the  abducent  nerve  or  sixth  pair. 

43.  The  facial  nerve  or  seventh  pair, — nervus  facialis,  TT— ,  nerf  facial, 
der  Gesicbtsnerv. 

44.  Nerve  of  Wrlsberg,  nervns  intermedins,  IT—,  nerf  de  Wriaiberg^ 
0—. 

46.    Acoostlc  nerve  or  eighth  pair. 

1  The  number  and  deslitiwUon  ihould  loclude  the  more  lateral  portiooa  of  Uwdonal 
cntamo. 

2  Tht  'i'tifjMtiiif  aumbrr  37  li  placed  upon  the  funlcuku  eiUMtua  Inalaail  of  apoD 
tfeft  foAfcului  ffncuta.  where  It  ahould  stand. 


138 


PSYOHOLOGIOAL    LTTEBATURE. 


46.  The  g&ngUonic  enUr^meot  of  this  nerve— tubercalum  acasti- 
vum. 

47.  Root  of  this  Denr«  lostne  ItseU  Ui  the  ceotnl  my  matter  of 
the  fourth  ventricle  (strlos  oicdullarct  or  atrlie  acuBttcs;  of  the  anthurg.) 

48.  Tlio  fa(«cloii1u8  of  the  acoustic  uerve  cuntributlug  to  the  forma- 
tlOD  of  the  lemiuiscQd. 

iB.  The  gloKso-pbaryDgcal  nerve  or  ninth  pair— acrvua  glosso-phar- 
yngeoR.  W—,  nerf  gloftso-pttaryn^ien.  der  ZuDgooschlundkopfnerr. 

M).  The  pneumogaatriu  nerve  or  tenth  pair— vagus  nerve,  oerru)* 
vaeos,  nerf  pneumogastrlCf  der  Herumscbwelfendeuerv. 

51,  The  spinal  accessory  uerf  or  eleventh  pair— nervas  acceaaoriafl. 
IT—,  nerf  aplnal  O—. 

62.  The  tubercle  of  Rolando— tuber<;uluiu  ciuercum  Rolandl,  V— , 
Bubitance  gelatlnense  de  Rolando,  G — . 

A3.    The  ventral  horn  of  the  gray  matter  of  the  aplnal  cord. 

fi4.    The  dorsal  horn  of  the  gray  matter  of  the  spinal  cord. 

ft5.    The  ventral  or  motor  root  of  the  spinal  accessory  nerve. 

no,    The  dorsal  or  sensory  root  of  the  spinal  accessory  nerve. 

57.  The  root  of  the  hvpoglo-tsal  nerve  or  twelfth  pair. 

58.  First  pair  of  cervloiil  uurves. 

ft9.    The  ventral  or  motor  root  of  this  nerve. 

00.  llie  dorsal  or  sensory  root  of  this  nerve. 

01.  Accessory  nerve  [vaso-motor  root  of  the  great  sTmpathetic 
nerve.  Luvsl. 

02.  Spmal  ganglion. 

1^*  No.  10. 
Part  of  the  cortical  gray  matter  of  the  right  hemisphere^  on  which  the 
gyri  and  sulci  are  seen. 

1.  Fissure  of  Sylvius. 

2.  Fissure  of  Itolando — central  fissure,  flsaura  centralis,  central  fl»- 
aaro,  solssure  de  Rolando,  0 — . 

8.    llie  gyrl  of  the  Island  of  Retl— Insula. 

4.  The  external  cortical  layer  composed  of  small  cells. 

5.  Internal  cortical  Uyer  composea  of  large  cells. 

S9-  Ko.  11. 
Rlglit  cerebral  hemisphere. 

'l*bU  purMon  is  designed  to  show  in  their  totality  all  the  parts  of  the 
cerebrum  and  to  give  an  Idea  uf  their  functions. 

I,  2,  3.     First,  second  and  UiLrd  frontal  gyrl. 
4.    llie  llasare  of  Rolando. 

fl,  6t  5,  6.    Superior  or  parietal  ffyri. 

6,  6,  0.     Posterior  or  occipital  gj^. 

7,  7.    The  fissure  of  Sylvius. 
&.    Temporo-ephenoidal  lobe. 
0.    Tlie  eyri  of  the  Island. 

10,  10, 10.    The  gyri  of  the  meaal  surface  of  the  hemisphere. 

II.  5?^°*  fomlcatus. 
12.     Htppocampal  gyrus. 
\3.    FAScLa  denuca. 

14.  The  uncu». 

15.  The  caliosom. 

IG.    The  spleniuro  of  the  calloeom, 

17.    The  genu  of  the  callosum. 

IS.     The  rostrum  of  the  callosum. 

19.    Longitudinal  tract — the  nerres  of  Lancisl. 

do.    The  fornix. 

21.  Tbe  anterior  ptUar. 

22.  The  septum  mcidom  composed  of  two  laminae  oCvUehoaabaa 
been  In  part  removed. 
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as.    The  lyra. 

M.    'Die  tliHttiiaus  on  which  four  centres  ftre  seen. 

AS.    The  anterior  or  olfactory  centre. 

36.    The  mesal  or  optic  centre, 

27.    Th«  posterior  or  acoustic  centre. 

3S.    The  median  or  inferior  centre. 

Sd.  The  pineal  f^land,  glautlula  plnealls,  coD&rlura,  glaade  plaSale,  die 
Zirbeldrfiae. 

HO.  The  pedancles  (habenulfc  of  the  authors.)  of  the  pineal  gland 
separated  into  two  f&seicuiL 

31.    Fnsctcuhis  ^oin^  to  the  anterior  centre  of  the  thalamus. 

;t2.    Fasciculus  goiu^  to  the  aotcrtor  pillar  of  the  fornix.    (Luys.) 

33.  Corpus  mammilTarc. 

34.  Bundle  of  Vicq-d'Azyr  passing  from  the  anterior  centre  of  the 
thalamus  to  the  corpus  mammillare. 

35.  The  third  ventricle. 

36.  The  foramen  of  Monro. 

37.  The  aqueduct  of  Sylvius. 
3S.    Anterior  comriitsHure. 

39.  The  terminatiou  of  the  anterior  oommlssore  in  the  temporo- 
sphenoidal  lobe. 

■(0.    The  Rray  or  soft  commissure. 

41.  'I'he  puiiCerior  commiRsure  composed  of  three  distinct  fasciculi 
lDt«rcro9fiing  with  those  from  the  opposite  side. 

43,    The  tuber  clncreum. 

43.  Infnudibulum. 

44.  Anterior  portion  of  the  lateral  ventricle. 
46.    Corpus  striatum — nucleus  cnudatus. 

4G.  Corpus  striatum— nucleus  leatleularl^ — separated  from  the  pre- 
ceding to  (diow  the  insertion  of  the  cortlco-strlft). 

47,47.  The  tenninatiou  of  the  superior  peduncles  of  the  cerebellum 
In  the  arches  of  the  corpus  striatum.   [Luys.] 

48.  The  temporo-Bphcnoidal  portion  of  the  lateral  ventricles. 

49.  The  hippocampus  or  Ammonsborn. 

50.  The  fimbria. 

fit.    The  fascia  dentata. 

53.    The  (Hcipilal  portion  of  ttie  lateral  ventricles,  or  the  digital  cavity. 

S3.    The  hippocampus  minor. 

64.    I'he  corpora  quadriffcmina. 

55.    The  corpus  prx-gemlnum. 

60.    The  corpus  postgeminum. 

67.  'Jlie  great  transverse  tl^sure  (fente  de  Bichat)— the  space  Includ- 
ed between  the  f>p1eiiium  of  thecallosum,  the  corpora  quadrlgemloa,  nud 
tbejfjrri  forni(.*ati.     Withlu  this  space  are  to  be  seen: 

6^    The  gcuiculate  tvodleii ; 

59.  The  fasciculi  ioining  these  bodies  with  the  corpora  quadrigemina; 

60.  'I'he  floor  of  the  fourth  ventricle. 

61.  The  calamus  scrlptorlus. 
«a.    (Omitted.) 

63.    The  superior  poduncle  of  the  cerebellum. 

84.    Ttie  decussation  of  this  peduncle  witli  that  of  the  opposite  side. 

66.    The  tf^mentiil  nucleus. 

66.  The  inft^rior  peduncles  of  the  cerebellum. 

67.  Tubort^lc  of  Rolando. 

68.  The  restiform  bodies. 

69.  The  column  of  Goll—funiculus  gracilis,  W—y  fnolcule  grfile,  die 
arte  StrAnge. 

70.  The  nucleus  of  the  funiculus  gracilis— clnva. 

71.  The  olfactory  bulb  — bulbus  olfactorlus,  rhinobulbus,  bult>e 
olfactlf,  der  Rieclikolben. 
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73.    Tbe  olfactory  met. 

73.  The  meMl  root  of  tbU  tract. 

74.  The  middle  or  gray  rooc 

75.  The  external  root  going  to  tbegan|[UoD. 

76.  The  olfactory  gattxUoo. 

77.  The  mesa]  or  ffray  root  of  the  left  olfactory  tract  proceeding 
to  the  olfactory  ghngnoa  of  the  right  ftlde. 

78.  The  fibres  bmdiag  the  olfactory  gangtton  to  tbe  central  gray 
matter. 

79.  Tfcnta  semlctrcalarU. 

80.  ITie  optic  nerve. 

81.  The  chinaiua. 

83.  The  fasciculus  of  gray  fihres  connecting  the  chlaema  ot  the  optio 
nerree  with  the  tuber  cineream.    (Era«ed  In  original.) 

83.  The  tract  of  tbe  optic  oerre  dividing  Into  two  fasciculi. 

84.  The  faJclcuIuB  passing  to  Che  Internal  gcoloalate  body. 

85.  llie  fasclculas  paasing  to  the  external  geuUulate  body. 

86.  Perforated  space  — aaterior  perforated  space,  locus  perforatos 
anticus.  pnt'crihrum,  fjuadrilattTe  i>erfor6,  tf — ,  — limited  posteriorly  by 
the  optic  fibres,  laterally  by  the  fascia  dentati,  and  anteriorly  by  the 
roota  of  the  olfactory  nenres. 

87.  87,  87.  The  anterior  cerebral  petlnnclen,  on  which  are  seen  the 
three  l^ers  coming  from  the  lenticular  nucleas. 

S8.    The  root  of  the  common  oculomotor  nerve  or  third  pair. 

89.  The  trochlear  nerve  or  fourth  pair. 

90.  The  sensory  root  of  the  trigeminal  nerve  or  the  fifth  pair. 

91.  The  motor  root  of  the  same  nerve. 

93.    The  root  of  the  abducent  nerve  or  the  sixth  pair. 

93.  The  root  of  the  facial  nerve  or  the  seventh  pair. 

94.  Acoustic  nerve  or  eighth  pair. 

95.  Tuberculuni  ucusticum. 

9ti.    Lemniscus  formed  of  three  roots. 

07.    Fasciculus  of  the  acoustic  nerve  [Lnys.] 

98.  Fasciculus  comtug  from  the  trigeminal  nerve  (Luys). 

99.  Fasciculus  eomine  from  the  f^piuHl  cord. 

100.  Decussation  of  the  lemnLseus  forming  the  superior  wall  of  Che 
Iter. 

101.  Part  of  the  velnm  medullare  anterius. 
103.    The  nerve  of  Wrisberg. 

103.    The  gluKsopharyngeal  nerve  or  the  ninth  pair. 
KM.    The  pneumogaatric  nerve  or  the  tenth  pair. 
106.    The  spinal  acceasory  nerve  or  the  eleventh  pair. 

106.  llie  ventral  or  motor  root  of  the  spinal  acce»M)rr  nerve. 

107.  The  dorsal  or  Bensory  root  of  the  riame  nerve.     [Luys], 

108.  The  root  of  the  hjrpoglossal  nerve  or  the  twelfth  pair. 
100.    The  first  pair  of  cervical  nerves. 

110.  The  ventral  or  motor  root  of  the  same  pair. 

111.  The  dorsal  or  sensory  root  of  the  same  nerve. 
113.    Hploal  ganglion  of  this  same  nerve. 

113.  Vaso-niotor  fibred  of  gympathetlc  nerve.    [Lnys]. 

114.  Second  pair  of  cervical  nerves  showing  tbe  same  character  and 
details  as  the  first  pair. 

Ufi.    Spinal  corn. 

116.  Tne  ventral  longitudinal  fissure. 

117.  The  dorsal  longitudinal  fissure. 

llfl.    The  ventral,  anterior  or  motor  column. 
110.    The  dorsal,  posterior  or  sensory  column. 
130.    Lateral  column. 
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191.  GeUcloooB  8DbflUnc«  of  RoUodo  ia  Che  centre  of  which  la  K«n 
%bt  central  euial  of  che  spinal  cord. 

lit,    TtwoeoCral  canal. 

133.  The  rentrU  boms  of  Che  spinal  cord  in  connection  with  the  effer* 
em  or  motor  fibres. 

1^.  The  doml  horns  in  connection  with  the  afferent  or  wtuory 
fibren. 

125     The  central  gray  matter  of  the  spinal  oord. 

126.  CUostnuD,  claostram,  avant-mur.  vormauer  —  Ifiog  between 
lb(*  Irnllculate  nucleoa  aud  ihe  fryri  of  the  IslaDd. 

1'21.  Antero-^aterior  fascicolus  comp054^  of  aflbreot  fibres,  a,  a,  a, 
and  of  efferent  fibres,  c,  c,  c,  which  form  the  connection  between  the 
antiTior  f^yri  of  the  cerebral  lobes  and  the  most  distant  part  of  the  cor- 
puo  «trlatain  and  the  thalamos,  and  which  form  a  kind  of  enclosure  In 
which  the  claastmm  lies  (coonectlona  those  of  Luys). 

12S.    Inter-cortical  commissural  fibres  — assoclatioo  fibres  of  Mejnert. 

Vja,  V*eDtral  column  of  the  spinal  cord  separatlof^  from  that  of  the 
opposite  9lde  to  allow  the  lateral  colamos  txt  decussate. 

l.fO.    The  decussation  of  the  pyramids. 

Idl.    The  decQitsation  of  the  dorsal  colamas. 

133.  The  ventral  pyramids. 

1^.  Substantia  nigra  lying  between  the  two  t&sclcali  which  form 
the  anterior  pyramids. 

134.  The  ventral  layer  of  the  cerebral  peduncle  —  crusta,  crusta,  y— , 
Hlro  scbenkel  f  OSS. 

135.  The  BQperior  layer  of  the  cerebral  pedancle  formed  by  the  dor- 
ul  and  ventral  oolamna  of  the  spinal  cord. 


A  LABOBATORY  COURSE  IN  PHYSIOLOGICAL 
PSYCHOLOGY. 


Br  Edvund  C.  Saittoro,  Ph.  D. 


After  Prof.  Ladd*s  careful  sutement  of  the  psycho-physiolof^cal  facts 
and  Prof.  Jameses  brllliaDt  exposition  of  their  psychological  aud  eren 
metaphysical  import,  it  Is  no  longer  accessary  to  argue  the  Importaoce 
of  the  subject  matter  of  this  brautiii  of  the  new  psychology.  No  one  that 
has  once  seen  the  new  is  going  to  tie  satisfied  any  longer  with  the  old.  But 
the  appropriation  of  new  facts  alone  is  not  sufficient  to  elevate  psy- 
chology to  its  true  place  in  the  circle  of  sciences.  As  long  as  psychol'o- 
gtsta  live  upon  the  crumbs  that  fall  from  the  tables  of  neurology  and 
phy^logy  they  will  live  in  dependence.  They  must  investigate  fur 
ihuDselves, — uo  less  rigorously  and  do  less  broad-mindedly  than  others, 
bnt  from  their  own  standpoint,  aud  muHt  view  what  they  find  In  Its 
paychologicAl  perspective.  This  means  that  a  prominent  place  must  be 
clTeo  to  psychological  laboratories  for  research;  and  the  friends  of  psy- 
chology already  congratulate  themf-elves  on  the  begioning  of  several  of 
great  promise  lu  this  country. 

Beyond  ihli),  however,  lies  another  thing  of  cardinal  importance, 
namely,  the  adoptioti  of  a  right  pedagof^lcal  method.  The  student  of 
ptjcholoey  uuat  have  its  facts  and  principles  brought  home  to  him  in  a 
way  not  Inferior  to  the  best  in  other  sciences,  if  psychology  is  to  have 
the  Infusion  of  new  vigor  thst  they  hare  had,  aud  aiTord  the  healthy 
and  virile  training  that  they  aflord.  'He  must  see  for  himself  the  phe- 
nomena about  which  he  psychologlzea,  he  must  perform  the  experl- 
menta,  he  roust  have  the  inside  view.  The  new  psychology  has  beao 
Mid  to  do  away  with  introspect  ion,  but  that  Is  a  mistake,    it  retains  In- 


149 


P8TCHOLOGIOAL  UTEBATUBE. 


trofpectlon  and  refloea  and  ^ves  tt  precision  by  maUDg  It  operate 
under  experimental  conditions ;  and  it  la  jaat  these  Inner  aspects  that 
are  particularly  hard  for  the  student  lo  fnuiie  for  himself  from  bart 
descrlptionft.  He  must  himself  serve  as  subject  of  the  experiment  before 
he  can  really  undcMtJind  it.  To  &ay,  as  has  recently  been  said,  that  a 
few  models  of  the  brain  and  a  color-mixer  are  about  all  the  apparatoa 
needed  for  a  conrse  in  physiolo^cal  psycholoey  savors  of  the  scholBStl- 
clsm  from  which  we  hope  to  have  escaped-  NotwUhslanding  Ita  better 
material,  such  a  method  muat  lead  to  the  same  text-book  work  and  the 
aame  artificial  general  conceptions  as  of  old.  For  thoAe  especially 
that  are  to  work  lo  any  of  the  fields  of  applied  psychology.  In  i>edazogy, 
or  criminology,  or  even  theology,  the  intlmiite  laboratory  know-ledge 
(audits  parallels  la  aathropologlcnl  and  comparative  psychology)  la 
essential  to  an  effective  grasp  of  their  siibjects.  The  need  of  such  an 
apprenticeship  for  later  work  in  the  research  laboratory  U  of  course 
obvious.  That  such  a  coarse  is  even  now  de&lred  by  open  eytd  teachers 
Is  shown  by  tlte  Inquiries  made  for  it  of  those  known  to  be  engaged  In 
experimental  pftychological  work. 

Just  what  experiments  such  a  course  should  contain  is  Itself  as  TCt 
a  matter  of  experiment;  but  that  It  should.  If  it  alms  at  anything  like 
proportion.  Introduce  the  student  to  all  the  chief  method^!  of  research 
and  cau<)e  him  to  observe  for  himself  all  the  more  important  phenomeua 
seems  reasonable.  Such  a  course  has  been  In  mind  in  the  collection  of 
the  experiments  wliicli  Is  begun  below,  and  which  is  to  be  continued  In 
successive  numbers  of  the  Journal  till  completed,  llmt  the  list  Is 
complete  or  the  selection  always  the  best  the  autlior  is  very  far  from 
roaiutnlning— to  mention  a  large  omission  only,  no  experiments  on 
hypnotitira  are  now  proposed,  bet'ftn*e  they  eccm  unfitted  to  beginners  In 
the  field.  And  in  any  event  the  ideal  lubonitory  course  can  only  be 
reached  after  repeated  adaptation  and  long  trial  in  actual  use.  This 
coturse  had  its  origin  in  a  fterles  of  notes  which  it  was  found  necessary 
to  make  for  the  use  of  a  group  of  students  taking  my  practice  course 
during  the  past  year.  The  experiments  h»ve  beeu  performed  In  the 
laboratory  here,  and  all,  except  those  added  in  this  revision,  by  the 
students  themselves.  The  deraonstrational  chHrncterof  the  work  has 
been  kept  In  mind,  and  the  experiments  cboseu  are  ceDerally  rather 
qualitative  than  quantitative,  even  where  for  conveuVcnce  they  have 
been  given  a  quantitative  form.  In  selecting  apparatus  the  simplest 
that  promised  the  desired  result  has  generally  been  cho»eu;  and  while 
this  makes  the  course  by  no  means  representative  of  the  facilities  of  this 
laboratory,  much  less  of  the  possihilitles  of  psychological  experimenta- 
tion, it  may  perhaps  make  it  useful  to  those  teacherd — unfortunately  too 
many — whose  equipment  must  be  brought  within  the  compass  of  a 
scanty  appropriation.  A  large  part  of  the  absolutely  easentinl  apparatus 
could  be  made  by  the  teacher  liimself,  and  almost  all,  I  doubt  not.  with 
the  aasittAnce  of  common  mechanics.  'I'he  notes  on  apparatus  and 
references  to  literature  that  are  inserted  from  time  to  time  will  open  the 
way  to  more  elaborate  experiments  and  apparatus  for  those  that  desire 
them. 

I.— THE  DERMAL  SENSES. 

Seksations  op  Contact. 

Apparatus.  The  experiments  on  the  Sense  of  Locality  require  no 
special  apparatus.  Those  on  Discriminative  Sensibility  can  be  made 
with  ordinary  drawing  dividers;  bat  if  thctje  are  used,  it  will  be  well  to 
stick  the  points  into  llltle  pointed  tips  of  cork  to  avoid  the  ttharpness 
and  coldness  of  the  metal.  (An  excellent,  but  more  expeuatve,  .iKstheslO' 
meter  is  made  by  C  Verdin,  7  Hue  Linne,  Paris,  at  35  francs;  for  the 
description  of  an  elaborate  and  very  convenient  one,  see  Amer.  Joub. 
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PSTOHOL.  1, 552.)  SomethlDg  Is  also  needed  In  experiment  6  d  for  render- 
ing the  akin  anaestheslc. 

1.  The  Sense  of  Ixicality.  Touch  yourself  In  several  places  with  the 
same  object,  and  analyze  out,  as  far  as  you  can,  the  particular  quality  of 
the  aenaatlOQ  by  which  you  recoguize  the  place  couched,  'llils  quality 
of  the  seoaatton  Is  known  as  Che  "-  Local  SIgu." 

3.  Cause  the  subject  to  close  his  eyes ;  touch  him  on  the  fore-arm 
with  a  pencil  point ;  and  require  him  to  touch  the  same  point  with 
another  pencil  Immediately  afterward.  Eetlmatc  the  error  In  milli- 
meters and  avertige  the  results  for  a  number  of  trlaU,  noting  the 
direction  of  error.  If  It  Is  constaut.  The  subject  may  be  allowed  to  cor- 
rect bis  placing  of  the  pencil  If  not  satisfied  with  it  ou  flrgt  contact. 

3.  Arlstotle^s  Experiment.  Cross  the  middle  fluger  over  the  first  In 
BQch  a  way  as  to  bring  the  tip  of  the  middle  finger  on  the  thumb  side  of 
the  flrat  finger.  Insert  between  the  two  a  pea  or  otlier  small  object.  A 
more  or  less  distinct  sensation^  of  tvfo  objects  will  result,  especially 
when  the  fingers  are  moved. 

4.  Judgments  of  Motion  on  the  Skin.  a.  Subject  with  closed  eyes. 
Resting  a  pencil  point  or  the  head  of  a  pin  gently  on  the  fore-arm,  move 
It  slowly  and  evenly  up  or  down  the  arm.  Hequire  the  subject  to  Indi- 
cate hla  earliest  judgment  of  tlie  direction.  If  the  experiment  is  care- 
fully made,  the  fact  of  motion  will  be  perceived  before  its  direction.  6, 
Try  a  number  of  times,  estimntln^  the  distances  traversed  in  millimeters 
and  averaging  for  the  two  directions  separately.  It  will  probably  be 
found  that  the  downward  distances  have  been  greater  than  the  upward, 
c.  Starting  from  a  fixed  polut  ou  the  fore-arm  move  the  pencil  lu  irregu- 
lar order  up,  down,  right  or  left,  and  require  the  iubjeot  to  announce 
the  direction  of  motion  us  before. 

or.  HiUl  autl  DoD&ltlHua,  Motor  BeuwUoosof  tli0  Bklii;  MIod,  X,  IftSA.  &67, 

6.  Kest  the  finders  lightly  on  the  forebejid  and  move  the  head  from 
ilde  to  side  keeping  the  fingers  motionless.  Almost  the  whole  of  the 
motion  will  be  attributed  to  che  fingers.  Light  tapping  of  the  forehead 
with  the  finger  we  ftHjl  lu  the  forehead  more  markedly  than  In  the 
ttoger.  With  our  own  hand  on  our  forehead  we  feel  the  foreliead ;  with 
some  one  else*B  hand  we  feel  the  hand. 

6.  Weber's  Sensory  Circles,  a.  Find  the  least  distance  apart  at 
which  the  points  of  the  xstheslomelrlc  compasses  cau  be  recog- 
nized as  two  when  applied  to  the  skin  of  the  fore-arm.  Try  also 
the  upper  arm,  the  back  of  the  hand,  the  forehead,  the  finger-tip 
ftnd  the  tip  of  the  tongue.  Be  very  careful  to  put  both  points  on  the 
ikin  at  the  same  time  and  to  bear  on  equally  with  both.  />.  Compare 
the  dUtance  between  the  points  juft  recognizable  as  two  when  applied 
JcogthwUe  of  tlic  arm  with  that  found  when  they  arc  applied  cross- 
wUe.  c.  Oive  the  points  a  slightly  less  separation  than  that  found  for 
the  fore-arm  (crosftwlse)  and  beginning  at  the  elbow  draw  the  points 
downward  side  by  side  along  the  arm.  l"hey  will  at  first  appear  as  one, 
later  a«  two,  after  whluh  they  will  a])pear  to  separate  an  they  descend. 
Something  similar  will  be  found  ou  drawing  the  points  from  side  to  side 
across  the  face  so  that  one  shall  go  above,  the  other  below  the  mouth. 
i.  Make  the  skin  amsstbeslc  with  an  other  spray  and  test  the  dlscrimln- 
attve  seoslbillty  as  t>efore. 

CC.  W«bar*B  nwaMircinanIa  M  KlTan  In  the  text-books. 

7.  Filled  space  Is  relatively  under-estimated  bv  the  skin.  Set  up  In  a 
small  wooden  rod  a  row  of  five  pins  separnted  br  intervals  of  half 
an  Inch,  and  In  another  two  pins  an  Inch  and  a  half  nnart.  Apply  to 
tbe  arm  like  the  compasses  above.  The  space  occupied  by  the  five  pins 
will  aeem  less  tbau  that  betweeo  tbe  two. 
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10.  Hot  sad  Cold  8pou.  a.  More  om  oC  the  |Mtefeed  bnus  ndl,  or 
•WB  ft  coo]  lead  pencli  slowly  and  U^btlj  orer  the  «Uq  of  tbe  bsck  of 
IIm  hand.  At  certaic  polnu  dUdnct  WBAatiom  of  cold  will  fiaih  oat, 
while  Kt  others  do  temperatore  leiuatloa  will  be  peroetTod*  or  at  moct, 
ObIt  k  falDt  and  diffaee  one.  Heat  one  of  tbe  roda  and  repeat  tbe  ex- 
paruaenl.  0.  Od  »ome  conTeoIeot  porHoo  of  tbe  lUn  aaife  olT  tbe 
MffiMia  of  a  square  3  cm.  oo  the  tide.  Go  over  thU  unare  carefxillj 
tM>lb  teogthwite  and  croMwise  for  both  beat  and  cold,  draving  the 
point  ftloof  Itaea  1  mm.  ipart,  and  note  on  a  correspondlDf;  square  of 
mlillmecer  paper  tbe  hot  and  cold  spota  found,  hot  spots  with  red  Ink, 
cold  with  black.  This  time  the  points  should  be  heated  m  cooled  con- 
iiderablf  by  placlDK  them  In  vessels  of  hot  or  cold  water  and  sboald  be 
kfipt  It  an  approxlmatelf  constant  temperature  byfreoQent  change,  one 
b«liig  left  iu  the  water  while  tbe  other  U  in  u^e.  Break  the  experiment 
Into  a  nural>er  of  alttluica  so  as  to  avoid  fatiguing  the  spots;  for  they  are 
very  readily  fatigued.  A  map  made  to  this  way  cannot  hope  to  repre- 
sent all  thn  it[H>rii,  but  It  will  HuQlce  to  show  tbe  permanence  of  some  of 
tbem  and  possibly  to  show  their  general  arrangemeat.  c.  Notice  the 
very  dlitlnct  persistence  of  the  seDsatioas  after  tbe  point  has  been  re- 
moveU. 

11.  'ItiP  temperature  spots  respond  with  their  characteristic  senui- 
tlona  to  mei'hanlcai  (ana  electrical)  etiranlabion,  and  do  not  give  pain 
when  puuuturiHl.  a.  ('hoose  a  very  certainly  located  cold  spot  aud  tap 
It  gently  with  a  Hue  wooden  point  (not  too  soon  Hft«r  looaling  It,  if  it 
has  been  fatigued  in  locating)  \  or  better  have  an  assistant  lap  It.  b. 
Thrust  a  noodJe  Into  a  well  located  cold  point.  Try  both  for  compaii- 
■on  on  an  adjacent  portion  of  the  sktn. 

12.  The  temperature  spots  respond  to  chemical  stimulation.  Choose 
a  convenient  area,  say  on  the  back  of  the  hand,  and  take  Its  temperature 
carefully,  nlloning  the  thermometer  to  remain  In  contact  with  the  skin 
as  long  MR  Itcontitiues  to  rise.  Kote  the  temperature  and  rub  the  skin 
lightly  with  a  menthol  pencil.  After  a  little  the  sensation  of  cold  will 
aiipojir.  Take  the  temi>erature  of  the  skin  again;  It  will  be  found  aa 
high  or  higher  than  before,  in  spite  of  the  contrary  sensation.  The 
menthol  malcos  the  nerves  of  cold  at  first  hyperxsthesic  (so  that  they 
respond  with  their  specific  seusatlon  to  mere  contact,  and  give  an  intenser 
sensation  when  a  cold  body  is  applied  than  do  adjacent  normal  portions 
of  the  tklu);  afterward,  however,  all  the  cutaneous  nerves  become 
more  or  leaa  anwstheslc 
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or.  OD  Ite  ttngoUtg  •xpwftneaU:  BUx,  Zottsohrlft  fUr  h\olotfie,  Bd.  ZX.  H.  S.  16S4. 
nnlrlMtrtrlg  ffwiw  Th&tMchra  tlbfr  dl«  HaDUtaofwaenmii,  Du  Bol»-R«7inoDd'fl  Arehlv. 
8upp>WPePt-B«nd.  IMA,  pp.  1-110:  DoDaJdtoo,  On  the  Tempermture-aeiwr,  Wad,  2. 13U; 
aaotli*  ttl«rfttun>  (^lt«<d  hv  th««p  authorn.  On  tb«  chondcu  aClraulstton  of  tb^  t«mpera< 
tur*  ocfTM:  (Cold)  Goldacht-lder,  Uubvr  dis  apeclflach*  Wirkunir  dea  Manthola  Mif  dlfl 
TemMmtur-Kflrrei,  Verh.  d.  I)<trllav<r  phralol.  0«w>ll.  0  April,  ISM.  Da  Bots-Rer- 
mooa'f  ArcCitT,  19W.  p.  &U:  (tie>t)  Dl<t  elnwIrkunK  der  KoblotwHarv  kuf  dUi  sefuRtleo 
Nemo  de*  QmU.  Verli.  d.  Berlloer  phnlol.  QtsseU.  SS,  Not.  1987,  Da  Bote-ReriDOod'f 
ArchlT.  ItM. 

13.  The  temperature  of  the  Bkln  at  an  j  moment  Is  a  balance  between 
Iti  giin  and  loss  of  heat.  Anjthiug  that  disturbs  that  balance,  causing 
increased  f^aio  or  loi^s  of  heat,  proiiucea  temperature  seDsaCioua.  It  U 
comnwn  experience  that  a  piece  of  cloth,  a.  bit  of  wocxt,  a  piece  of  nietal, 
all  of  the  same  temperature  qr  the  air  chat  seem.^  liidifl'erent  to  the  hand. 
caste  dUTerent  degreed  of  the  seDsatlou  of  cold  when  touched,  because 
thty  increase  the  loss  of  heat  by  conduction  in  dlflereut  degrees.    If  a 

Eaper  bag  be  placed  over  the  hand  held  upward,  a  Bcnsation  of  warmth 
I  »oon  felt,  because  of  the  decreased  loss  of  heat. 

14.  Provide  three  vessels  of  water  ooe  at  30*^0.,  the  second  at  40°,  the 
third  at  20°.  Put  a  finger  of  one  hand  into  the  warmer  water,  a  finger 
of  the  other  into  the  cooler.  At  first  the  usual  temperature  Hcntiatioaa 
will  be  felt,  but  after  a  little  they  disappear  more  or  less  completely, 
because  of  the  fatigue  of  the  corresponding  temperature  organs.  Now 
transfer  both  fingers  to  the  water  of  oorinal  temperature.  It  will  fteem 
cool  to  the  finger  from  warmer  water  and  warm  to  the  one  from 
cooler. 

15.  The  intensity  of  the  temperature  sensation  depends  on  the  amount 
of  surface  stimulated.  Dip  a  linger  In  cold  water,  then  the  whole  hand. 
Notice  the  locrease  in  aensatioo. 

16.  The  fatigue  of  the  temperature  apparatus  may  produce  an  ap- 
parent contradiction  of  Ex.  15.  Dip  one  hand  entirely  under  cold  water 
and  keep  it  there  for  a  moment.  Then  dip  the  fiuger  of  the  other  hand 
or  the  whole  baud  several  times  In  the  same  water,  withdrawing  it  Im- 
mediately  each  time.  The  water  seems  colder  to  the  finger  or  hand 
which  \9  only  dipped. 

17.  Hold  a  very  cold  piece  of  metal  on  the  forehead  or  on  the  palm 
of  the  hand  for  half  a  minute.  On  remortng  it  the  sensation  of  cold 
continues  though  the  actual  temperature  of  the  skin  Is  rising.  Some- 
times fluctuations  are  observed  In  the  persisting  sensation.  After  con* 
tact  with  a  hot  body  the  »ensatiou  of  beat  continues  In  the  same  way, 
though  the  temperature  of  the  skin  falls.  Goldscheldor  explains  this 
result  for  cold  In  part  by  the  pert^lstence  of  the  cold  sensation  In  the 
muuner  of  an  after-image,  and  in  pnrt  by  the  lesKeticd  sctmlbiltty  of  the 
nerves  of  beat;  a  similar  explanation  mutatis  mutandia  holds  also  for 
beat. 

18.  Extreme  temperatures  fatigue  the  sensory  apparatus  of  both 
beat  and  cold.  a.  Hold  a  tinger  in  wiiter  of  4.5°  c,  the  corresponding  finger 
of  the  other  hand  In  water  which  feels  neither  cold  nor  hot  (about  32^). 
After  10  seconds  dip  them  alternately  Into  water  at  10<^.  The  finger 
from  the  water  at  32*^  will  feel  the  cold  more  strongly,  b.  Hold  u  finger 
in  water  at  10^,  the  corresponding  finger  of  the  otner  hand  In  water  at 
8J*.  After  10  seconds  dip  theiu  alternately  In  water  at  45".  The  finger 
from  the  water  at  32"^  will  feel  the  heat  more  strongly. 

10.  Hold  the  hand  for  one  minute  In  water  of  13°  c,  then  transfer  it 
to  water  of  18°.  The  latter  will  at  first  feel  warm,  but  after  a  time  cold 
If  ain.  The  water  at  IS*^  first  causes  a  decrease  In  the  lots  of  heat  or  a 
■flghl  gain  but  later  a  continued  loss. 

90.  Fineness  of  temperature  discrimination,  a.  Find  what  Is  the 
leaal  perceptible  diflereuce  In  temperature  between  two  vessels  of  water 
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AtRboat  30°c.,  at  aboot  0%  and  about  55^.  The  f1ne»t  diflcrlmlnation 
wUl  probably  be  found  wlch  the  first  teniperaiure*  If  Che  di sc rim i nation 
doei  not  prove  too  fine  at  all  tlwM  polsts  to  be  measured  with  the  ther- 
mometers at  hand.  V»e  the  same  band  for  these  tests,  always  dipping 
it  to  the  same  depth.  It  Is  better  to  dip  the  band  repeatedly  than  to 
keep  it  In  the  water,  b.  The  different  surfaces  of  the  body  vary  much 
In  their  sensitiveness  to  temperature.  The  mucous  surfaces  are  qnlte 
obtuse.  Whf  n  drinlitnfr  a  comfortably  hot  cap  of  voflec.  dip  the  upper 
lip  into  it  so  that  the  coftbe  touches  the  skin  above  the  rod  part  of  the 
lip,  or  dip  the  floger  iuto  St;  It  will  seem  bumlng  hot.  PluD>;e  the 
hand  into  water  at  5-10-  c.  The  sensation  of  cold  will  be  strongest  at 
first  on  the  back  of  the  hand  where  the  okiu  li  thin,  but  a  little  later 
will  come  out  more  strongly  in  the  palm,  where  it  will  continue  to  be 
stronger  as  It  approaches  pain. 

Od  thsM  itBDeral  temprnturv  experinwnts  cF.  the  workii  of  W«bfr  Bod  (3old.«ch<>ider 
alreadjr  oilfd,  al«o  Heiinf .  in  Hen»«Du*B  Handbuc-t)  rirr  Phyiiioloftfe.  Vol,  m.  pt.  S.  pp. 
41M80.    Fochaer,  Elemeat«  der  Psycbopliyaik:.  Vol.  n.  pp.  301-211. 

Sensations  op  Pressure. 

JppQTatuM.  Bits  of  cork.  Weights  for  minimal  pressure.  (These 
can  be  cut  from  rectangulfir  prtRms  of  cork  or  clder-plth  of  equal  area, 
and  provided  with  I)riftle  or  hair  handle?  and  verified  upon  a  sensitive 
btlance.  The  prism  should  be  from  3  to  5  mm.  »qnarc.  The  handle  Is 
made  by  sotting  the  ends  of  a  piece  of  brittle  or  hair  Into  opposite  )«ide« 
of  the  bits  of  cork  or  elder-pith,  thus  giviug  the  whole  something  the 
shape  of  a  seal  ring,  of  wlilch  the  cork  Is  tlie  f^eal  and  the  bristlt)  the 
band.  A  scries  ranging  from  0.0(»2  toOttd  grams  would  be  convenient; 
but  for  the  experiment  to  follow  is  not  necessary.)  Two  objects  of 
equal  weight,  but  unequal  size;  a  large  cork  and  a  small  one«  made  of 
equal  weight  by  loading  the  smaller  with  shot,  answer  very  well.  Two 
metal  dUks  uf  equal  size  and  weight,  «•  g.  dollar  pieces  -,  and  two  wood- 
en cylinders  three  quarters  of  an  inch  in  diameter  and  one  inch  long. 
Vessels  of  water  at  normal  tompcralnre.  Weights  for  discriminative 
lenslbllity.  (The  In^t  cnn  readily  he  made  by  loading  paper  gun-shcUs 
with  shot.  Th<!  following  would  be  a  convenient  scries :  One  hundred 
cranis  Owo  of  this  weight),  102.ri.  103.3,  104,  106,  106,  107.  The  Cam- 
bridge St'ientifle  Jnatrumeut  Co.,  St.  Tlbb's  Row,  Cambridge,  England, 
manufacture<4  a  set,  which  can  nUo  t>e  used  for  "muscie-sonse"  tests, 
containinK  30  weights  and  giving  ratios  ranging  from  aliout  one-founti 
to  one  fiftieth,  at  a  price  of  £5.) 

On  apparattiH  for  Kiuiatlons  of  preMure  of.  BMunls.  fit^menta  de  ptifMoloaS* 
humnlDe.  n,  ftTQ.  Euleobenc.  Brrlin.  kiln.  Wooh<>B«ob.  IBM,  No  44.  <B#e  miM'rarioa 
and  deBcrhitJof)  of  Etil4>nbf>ri;*B  InstnituMiL  In  Hi«  Hetttrvaof  HamJ-honk  of  tbp  MmlloaJ 
Sdencea,  vol.  I.  p.  W.)  Dorbii.  Zultaclir.  r.  rmt  nwd.,  3  R,  X,  387.  BMteltwnEer, 
Kxpprlai^iit^llo  PHlfunit  rier  «ur  Drucfcalnn-MpiOiunK  anireirAndtrn  HAUMri^n,  Slutt- 
gvt,  i^'9.  jMtrow  k\\-v»  in  (bo  American  Journal  of  Piycbolo^,  U.  M.  a  vvry  U»de- 
quatodvttcrlpUon  of  n  v«rr  tiaUHfaccory  iDfttruiiMUiU  Ben  alio  aoies  on  apparatus  for 
Uw  study  of  t\w  PsycliophyRtc  Law  to  b«  nrlvea  later. 

SI.  Pressure  points.  Make  an  obtuse  but  extremely  fine  cork  point 
(pyramidal  In  shape,  for  example,  the  pyramid  a  quarter  of  an  Inch 
square  on  the  base  and  of  equal  height),  set  it  upon  the  point  of  a  pen 
or  other  convenient  holder,  or  use  a  match  whittled  down  to  a  fine  (K>int, 
or  even  a  needle.  Choose  au  area  on  the  forearm  and  test  for  Its  pres- 
sure spots  somewhat  as  for  the  hot  and  cold  spots,  but  this  time  sec  the 
cork  point  as  lightly  as  possible  on  point  after  point  of  the  skin  Instead 
of  drawing  it  along.  Two  kinds  of  sensation  will  be  felt ;  at  some 
points  a  clear  feclTuc  of  contact  with  a  ^harp  point  will  be  felt,  at 
others  no  feeling  at  all  or  a  dull  and  vacuous  one.  Tlie  first  are  the 
pressure  poluta.  Goldpohelder  describes  their  sensntious  on  llglit  coo- 
tact  as  **aellcate,"  ''lively,"  "somewhat  tickling  •  •  •  as  from  moving  a 
hair;"  on  stronger  pressure,  ''as  if  there  was  a  resistance  at  that  point 
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in  tb«  skin,  which  worked  aeainst  th«  pr«uare  stimulus ;"  *^u  if  a 
■mall  hard  kernel  Hy  there  and  was  pressed  down  into  the  skin." 

The  first  are  more  sensitive  to  small  ch:m^og  of  pressure,  and,  though 
with  sufficient  increase  both  give  pain,  their  seuaations  retain  their 
Clu.ratfterlstlc9.  They  are  closer  together  than  the  temperature  spots, 
and  harder  to  locate;  and  the  fairt  that  our  most  frequent  sensations  of 
pressure  are  from  surfaces  and  not  from  points  makeo  it  difficult  at  first 
to  recognize  a  pressure  quality  In  their  sensations. 

CL  OoldactxfMer,  NcueThiitJiRcbeu  Uber  tile  BauUltuieuicrviin.  DuBoiM  Kejrnioiiil'a 
Arehtv,  ins.  Supplctnpnt  ttend,  pp.  7S-M. 

33.  Minimal  pressure  (or  simple  contact).  Make  weights  that  are 
JOU  perveivablo  on  the  volar  side  of  the  fore-arm  and  ou  the  tips  of  the 
lugers.  Try  also  if  convenient  the  temples,  forehead  and  eye-lids.  In 
applying  the  weights  see  that  they  are  brought  down  slowly  upon  the 
nirface  of  the  skin,  that  ihey  touch  eijually  ut  all  points,  anil  that  their 
preaence  is  not  betrayed  by  motion  of  the  weight  after  it  toncbes  the 
tklD.  This  can  be  done  by  u»ing  a  pen-holder' nr  Bmall  rod,  with  ita 
tip  put  throujih  the  ring  of  llie  weight,  for  laying  It  on.  Compare  the 
r«atlTe  lenslbllity  found  by  this  method  with  that  found  with  NVebcr's 
compasses  for  the  same  parts,  and  note  tlrnt  the  latter  requires  dUcrim- 
laatuui,  not  mere  perception.  The  stimulus  needed  to  produce  this 
f^otest  sensation  la  known  as  the  stimulus  of  the  ^*  Initial  Threshold.** 
See  also  ex|>crimcDt  28. 

Cf.  Auhert  and  Kkmmlfr,  MolewthoCt'ii  Unterauchuiu^o.  V.  145. 

38.  Relation  of  apparent  weight  to  area  of  surface  stimulated.  Test 
wttta  the  equal  weights  of  unequal  size,  'ilie  smaller  will  seem  decided- 
ly heavier. 

31.    Discriminative  sensibility  for  pressures.    Have  the  subject  lay 

Ills  band,  palm  upward,  on  such  a  support  as  will  bring  his  arm  into  a 

comfortable  position  and  make  his  palm  level,  for  example  a  folded 

towel  oo  a  low  table  or  the  scut  of  a  chair.     (The  matter  of  an  easy 

position  for  the  subject  is  of  cardinal  importance  In  all  psychological 

experiment,  and  Is  mentioned  here  once  for  all.)     Lay  In  his   psim  a 

piece  of  blotting  paper  just  large  enough  to  prevent  the  weight  from 

touching  the  skin.     On  this  set  a  standard  weight,  f-.  g.  KK)  grains,  and 

after  a  couple  of  seconds  replace  it  with  im  equal  weight,  or  one  heavier 

'  (or  one  lighter)  «.  g.  UM!  gram*,  allowing  that  to  remain  an  equal  time. 

I  Sequire  the  subject  to  say  whether  the  second  weight  is  the  same  or 

bcavler,  (or  Itghteri  if  a  lighter  Is  being  used).     Find  the  weight  that 

can  be  distinguished  from  the  standard  in  7.'i  per  cent,  of  the  trials. 

The  ratio  berwren  the  dllTerence  of  these  and  the  standard  Is  the  Index 

of  the  sensibility.     The  ratio  will  probably  be  about  5 ;  100.     It  Is  best 

.BOt  to  use  both  a  lighter  ami  a  heavier  t[i  the  Fame  series ;  and  with  this 

rmethod  of  testing  the  subject  should  always  gue!*s,  if  lie  cannot  dls- 

Itlimlmitc.     Be  careful  In   putting  on  the  weights  that  the  subject  does 

l)iot  recog^nize  a  difference  in  the  force  with  whldi  (hey  Fttrike,  also  that 

|;SUgg«atlons  by  diflerence  of  temperature  or  by  suuuds  made  In  selecting- 

!  weights  are  avoided.      This  metiiod  of  determining  seoidblllty  U 

Down  as  the  *' Method  nf  Itight  and  Wrong  Cases."    Cf.  later  experl- 

eota  on  the  Psychophyslc  Law. 

36.    Cold  or  hot  bodies  feel  heavier  than  bodies  of  equal  weight  at  a 
'!  temperature,     a.  For  cold,  take   two  dollar  pieces^    warm   one 
Dtn  It  ceases  to  seem  cold  ;  cool  the  other  to  10°c.    Applv  alternately 
I  the  palm  of  the  hand.    The  cold  one  will  seem  much  heavier,  per- 
haps as  heavy  as  two  at  the  normal  temperature.     b>  For  heat,  take  two 
roodeo  crlioders  of  equal  weight,  heat  one  to  a  high  temperaturo  by 
IjBtandlng  It  on  end  In  a  metal  vessel  lloatlDg  in  a  water  bath.     Apply 
Itbe  cylinders  ou  eo<l  alternately  to  the  back  of  the  hand  between  the 
etacarpal  t)Oues  of  the  thumb  and  first  fluger.    The  hot  one  will  seem 
avler. 
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36.  Pretsare  evenly  distrlbated  orer  &  consklenkble  area  U  _ 
•troDglr  felt  than  prosiarc  upon  an  area  bordered  by  one  that  U  noc 
preaaed.  DIpthe  han^l  up  to  the  wrist  Into  wat«r  (or  better  still  Into 
mercury)  of  Dormal  temperature  and  notice  that  the  sensation  of  pres- 
Bure  U  strongest  In  a  ring  about  the  wrtat  at  the  surface  of  the  water, 
posRlbly  Btrongcr  on  the  volar  than  on  the  dental  side.  The  ring  effect 
U  aomUtakable  when  the  hand  Is  mored  up  and  down  Id  the  water. 

27.  Something  of  the  reflnement  of  the  pressure  sense  in  percelricg 
the  unevenD<*<!B  of  surfacea  may  be  seen  by  laying  a  hair  on  a  plate  of 
glass  or  other  hard,  smooth  surface  and  over  it  10  or  15  sheets  of  writing 
paper.  The  position  of  the  hair  can  easily  be  felt  by  passing  the  finger 
tips  bwk  and  forth  over  the  surface. 

28.  Somethiog  might  be  said  In  support  of  the  hairs  as  Independent 
MDse  organs,  'fbe  finest  respond  with  a  dUlinct  seoeatlon  of  aollcipa- 
tory  touch,  as  It  were,  when  they  are  moved,  and  probably  this  accounta 
for*  a  part  at  least  of  the  diflerences  between  the  fore-arm  and  finger 
tips  found  In  Ex.  21.  Touch  a  few  single  hairs  and  observe  the  sen- 
•at  ion. 

Cf.  BtaAchko,  Zur  Li>hre  von  den  DruckempSnduarvn,  Verhandl.  d.  Bcrlioer  phnloL 
Ocwn.SiU,17  MKrs.  I8U,  DuB 'iHRryiiiond'i  Archfv.  ISSft.  n.  349. 

On  tbm  Kvnafml  to^lc  c'.  Webor.  op.  ctt.:  Funke.  TAatdan  und  OraielDjrertlhl,  Bar- 
maao*!  Handbuefa  der  Pbriioi.,  Vol.  Hi.  pL  2,  pp.  2aB-4i4^ 


11.— STATIC  AND  KINiESTHESIC  SENSES. 


This  group  of  senses  furnishes  ua  with  data  respecting  the  positions 
and  motions  of  our  memt>crs,  and  of  our  t>odlea  as  wholes.  It  includes 
senses  whose  existence  or  efllclency  Is  disputed  ti.  q.  (Innenratlou  Senae 
and  Muscle  Sense)  and  others  whose  IndepeodeDce  has  lately  been  aa- 
«encd  («.  g.  Joint  Sense  and  'J'endoQ  Sense.)  This  embarrasses  somewhat 
the  aelcctlou  of  expeiimeuts,  but  those  chosen  are  the  ones  that  seem  at 
present  characteristic.  Many  of  the  weightiest  psychological  Infer^ 
enoet  depend  upon  the  sensations  of  motion  and  position  of  the  eyes. 
It  Menu  Iwst,  howe%-er,  to  postpone  the  experiments  upon  these  scaaB> 
ttooi  to  the  section  ui>on  vision. 

ReoooHiTiOK  or  tiik  Pusitioh  or  the  Bodt  as  a  Wbolk. 

Appamtui.  A  light  wooden  rod 
a  yard  long;  a  tiltinR  board  and 
straps.  For  the  last  a  uoardseven 
foct  long  and  18  Incherf  wide  bal- 
anced across  a  saw-horse  will  ans- 
wer. At  one  end  a  foot  board 
should  be  fastened  securely  enough 
to  b«ar  the  weight  of  a  mau  when 
the  board  Is  in  a  vertical  position. 
At  thR  other  end  a  plumb  line  and 
aemli-ircular  ncale  should  be  added 
so  that  the  inclination  of  the  board 
can  be  read  off  at  any  instant. 
For  holding  the  subject  securely 
upon  the  board  when  Its  inclina- 
tion la  considerable,  and  the  sub- 
ject ia  head  downward  it  will  be 
necessary  to  have  a  couple  of 
shoulder  straps  passing  over  the 
subject's  shoulders  and  fastening  to  stout  screw-eyes  screwed  Into  the 
^ard  itself  or  Into  the  foot  board,  and  perhaps  a  breast  strap  going 
about  both  the  aabject  and  the  board. 

Cf.  Aubcrt,  Phnloloctsah*  Studloo  Obar  die  OiienUeniDK,  (traaalatloa  wHh  com- 
tD»Dt«  of  Delam'i  Etudsa  •xp^rliiM'QtAkM  aor  1««  lUualo&s  «t«tlauOT  oc  draamkitMada 
illrfctkm,  eKsT^TOWogw.  IMS.  p. «.  *         "* 
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Id  this  experlnient  It  U  especially  deilrable  that  the  subject 
tboold  know  aa  little  a&  possible  of  the  purpose  of  the  experiment. 
C^ase  the  lubjec't  to  Btaud  erect  with  hli  back  against  a  wall.  Choose 
a  point  OQ  the  opposite  wall  about  the  height  of  tils  ehouldcrH.  T^t  him 
look  at  it^  and  then  rfquirf  hlnif  having  doseii  his  eyea,  to  point  to  it 
ai  exactly  as  possibly  with  a  ll^ht  rod  held  symmetrically  la  both 
hands.  CaoFe  him  also  to  hold  the  rod  vertically  and  horizontally  la 
the  median  plane;  also  horizontally  parallel  to  the  frontal  plane.  All 
tlieie  he  will  probably  be  able  to  do  with  much  accuracy,  or  If,  aa 
•0CD«t1me9  happens,  he  shows  a  '*  personal  equation,"  Ida  error  will  be 
conttanu 

30,  a.  Cause  the  subject  to  repeat  the  experiment,  this  time  taming 
his  bead  well  to  the  left  after  closing  bis  eyes.  Repeat,  causing  the 
sabject  to  turn  to  the  right.  In  both  cases  an  error  of  about  ir>^  will  be 
obserred,  the  subject  pointing  too  fur  by  that  amount  in  the  direvtioa 
opposite  to  that  of  the  turning  of  the  head.  The  subject  wilt  be  iible  to 
bold  the  rod  vertical  or  horlzoutiil  without  error.  6.  Cause  the  subject 
to  bold  the  rod  In  whnt  he  thinks  Is  a  horizontal  position  in  the  m&< 
dian  plane,  when  his  head  Is  thrown  well  back;  when  bowed  well  for- 
ward. Illusions  like  those  observed  above  will  result,  c.  Ca use  the 
lobjeot  to  hold  the  rod  in  what  he  thinks  is  a  horizontal  position,  par- 
allel to  the  frontal  plane,  when  his  head  Is  leaned  Co  the  right;  when 
leaned  to  the  left.  Illusions  tiitntlar  to  those  In  the  previous  exi>eri« 
Bents  will  appear,  d.  Itepcot  experiment  a^  but  Instead  of  having  the 
igbject  point  to  the  designated  object,  have  him  walk  toward  It  keeping 
hit  sbonlders  square,  hU  eyes  shut,  and  his  head  turned  to  one  aide.  He 
will  walk  more  and  more  too  far  toward  the  side  away  from  which  bis 
bead  Is  turne<J.  In  all  these  cases  judgment  of  one  cardinal  direction  in 
ipoce  alone  is  aflfected,  the  other  two  ^ow  little  or  no  errors. 

31.  After  some  practice  and  nith  attention  to  the  sensations,  the 
Ulaaion  of  Ex.  30  takes  another  form,  namely,  that  the  body  has  turned 
a  few  degrees  In  the  same  direction  as  the  fieud.  The  subject  can  now 
DoLnt  to  the  chosen  object;  but,  if  required  to  get  the  end  of  the  rod  against 
Us  breast  so  that  It  shall  be  horizontal  and  perpendicular  to  the  line 
foinlDg  his  shoulders,  he  will  make  an  error  of  about  15^  in  the  direction 
of  the  motion  of  the  head.  A  similar  illusion  may  be  found  for  the  other 
directions  of  head  turning.  If  tried  under  proper  conditions  «.  y.  when 
banging  by  the  hands  with  the  arms  somewhat  beut. 

St.  The  illusion  Is  due,  at  least  In  cases  a  and  b  Ex-  30,  to  sensa- 
dooA  of  the  position  of  the  eyes.  As  may  easily  be  observed  upon  any 
OCber  person,  the  eyes  tarn  further  than  the  head  lu  the  direction  In 
which  it  li  turned.  From  the  eyes  we  judge  the  position  of  the  head, 
toil  thas  overjudifing  It.polnt  too  far  In  a  contrary  direction  lu  trying  to 
polut  to  the  rmjuirt?*!  object.  The  Illusions  can  be  profluced  by  motion 
of  the  eyes  alone,  a.  lloldlag  the  head  erect  and  taking  pains  not  to 
iDOve  It  when  moving  the  eyes,  tarn  the  closed  eyes  as  far  as  possible 
t  lite  right  or  left  and  then  try  to  point  to  eome  determined  object, 
I  error  like  that  In  Ex.  30  will  be  observed.  Turning  of  tlie  eves 
sni  or  downward  has  a  less  satisfactory  result.  Instead  of  closing 
teyee  they  may  be  kept  open  if  an  opaque  screen  Is  held  clof>c  before 
tiie  fkoe.  b.  Repeat  a  and  ^  of  Ex.  30,  voluntarily  turning  the  eyes 
as  tu  aApoeslble  in  the  direction  opposite  to  that  of  the  turning  of  the 
'had.  The  original  error  will  disappear  or  be  fonnd  to  have  changed 
Itttlgn. 

33,    Another  set  of  Illusions  regarding  the  position  of  the  body  as  ft 

.frbole  In  space  depend  In  large  measure  on  the  distribution  of  pressure 

fm  the  surfaces  of  the  body,  the  direction  of  pressure  of  the  movable 

irlsceraand  the  blood.  Secure  the  subject  properly  upon  the  tilting  board, 

Aiul  have  him  close  his  eyes.    Start  with  the  board  vertical,  (bead  up). 


"•pwsr 
Ibeeyi 


Tbe  Bobject  will  probablv  anDOonoe  that  be  !<i  then  leaning  forward 
fllishtly.  Turn  him  slowly  backward  and  require  bim  to  announce  when 
he  la  rertioai  (head  up),  when  he  U  tllt-ed  bnckvrard  at  an  angle  of  45° 
frooi  the  Terllcal,  when  at  an  angle  of  60°,  when  at  1M^=,  when  at  IfiO^. 
Two  rlaase*  of  illoaloas  will  he  round ;  aoeles  of  te^s  than  40'^  ^Ul  seem 
too  small;  thoM  from  40°  to  60'  will  he  rightly  Judged;  those  beyond 
60°  wtti  fieem  too  large.  The  subject  will  probably  aay  tliat  be  ia  vertL- 
cal,  head  downward,  when  he  Ls  yet  30-00°  from  It. 

Sensation  of  Kotatios. 

.(l;)pira(K*.— Rotation  Table.  This  can  be  made  well  enough  for 
the  experimeuta  given  by  laying  a  7-foot  board  across  an  ordinary 
turning  chair  or  screw  stool  without  a  back.  The  last  must  turn 
without  appreciable  noUe  or  Jar.  Mauy  of  these  experiments  could  be 
mide  perfectly  well  by  twisting  the  ropea  of  an  ordinary  it  wing. 

34.  I^ay  the  board  across  the  stool  and  let  the  subiect  be  seated 
upon  It  with  closed  eyea  and  blindfolded  If  necessary.  Turn  the  stool 
•lowly  and  evenly  in  one  direction  or  the  other.  The  subject  will  \m- 
mediately  recognl/c  the  direction  and  approximately  the  amount  of 
rotation  wlien  the  rate  U  as  slow  as  2°  per  second,  or  even  slower.  Af- 
ter continued  rotation  ataregulnr  nttc  the  sensation  becomes  much  leas 
exact  or  entirely  fails.  This  fact  has  been  generalized  by  Mach  In  the 
law  that  only  change  of  rate,  not  continuous  rotation  Is  perceived. 
With  an  exception  in  the  case  of  uniform  rates  for  short  times,  this  is 
accepted  by  Delage.  After  some  pauses  and  sliort  movementa  in  one 
direction  and  the  other,  the  subject  may  become  quite  lo«ttandj^vc  a 
totally  wrong  Judgment  of  the  direction  of  motion^  u  It  is  slow. 

35.  Ijet  the  subject  be  seated  as  before,  a.  Rotate  bIm  a  little  more 
rapidly  for  half  a  turu,  and  then  stop  him  suddenly.  A  distinct  sen- 
sation of  rotation  In  the  opposite  direction  will  result.  6.  Ijcpcat,  and 
when  tbe  illusory  rotation  begins,  open  the  eyes.  It  immediately 
ceases.     Close  the  eyes  again  and  It  returns. 

30.  a.  Bepeat  experiment  35  (I,  letting  the  subject  give  the  word  for 
stopping.  At  the  same  instant  let  htm  Incline  his  head  suddenly  back- 
ward  or  forward  or  lay  It  upon  one  shoulder  or  the  other.  The  ails  of  rota- 
tion of  the  body  will  appear  to  change  in  a  directlonoppoaitetothatof  the 
inclination  of  the  head,  1.  e.,  If  the  head  U  Inclined  to  the  right,  the  axis, 
seems  to  incline  to  the  loft.  'l*he  feeling  is  as  if  the  body  were  rotat- 
ing in  the  surface  of  a  cone  in  a  direction  contrary  to  that  of  the  first 
rotation.  The  head  dictates  tlie  apparent  axis  of  rotation.  Tlie  same 
illuKlon  occurs  if  the  head  U  lucllued  during  the  actual  rotation  and 
straightened  at  the  word  for  Ht0])piug.  Turning  the  head  to  right  or 
left  VuCrodnces  no  such  iUuslons,  because  It  does  not  change  the  axis  of 
rotation  of  tlie  head.  The  illusion  comes  out  with  very  disagreeable 
strength  when  the  rotation  Is  rapid  and  the  subject  changes  inc  jrosi- 
tion  of  hi8  head  during  the  rotation.  &.  Let  the  subject  lie  upon  his  side 
and  rotate  him  rather  rapidly  till  the  sen.sation  of  rotation  becomes 
faint  or  disappears.  Then  let  him  turn  8udd<?nly  upon  hU  back  or  upon 
bis  other  Mde.  The  first  brings  tlie  rotation  about  anew  axis^andit 
is  felt  in  Its  true  sense,  while  the  roUtion  about  the  previous  axis  Is 
felt  in  Its  reverse  sense;  the  second  reverses  the  direction  of  motion 
completely  and  produces  a  correspondingly  powerful  sensation. 

The  change  of  the  apparent  axis  of  rotation  with  the  change  of  posi- 
tion of  the  head  points  to  the  location  In  the  head  of  the  organ  by 
which  such  seoeationc  iirc  received.  For  rbe  experlnipntp  by  which  the 
semicircular  canalii  are  Indicated  as  thU  organ  see  the  literature  cited 
below. 

37.    Another  illusion  of  rotation  (Purklnje'sdlzziuoss)  is  due  to  the 
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moltoB  of  the  eves.  Let  the  Bohject  whirl  rapidly  on  hU  heeli  with 
h!s  efes  open  till  he  begins  to  be  dlz^y;  while  he  whirls  the  objects 
about  him  will  neeni  to  b*^  turtiirij;;  in  the  opposite  <lireotir>n.  Let  him 
tbf  n  *top  and  look  at  au  even  nurfai-ed  wall  while  the  experimenter 
carefully  obRervee  h!s  eyes,  plcklnj^  out  a  fine  blood-veggel.  or  poine  other 
clearly  nmrkcd  flecb  or  spot  as  a  point  at  which  to  look.  To  the  subject  the 
florrouDdlng  objects  will  seem  to  continae  to  move  in  thesame  direction 
*g  before,  I.  e.,  In  a  direction  contrary  to  his  previous  rotation  ;  the 
experimenter  will  see  the  sul^ect's  eyes  executinj;  slow  motions  Id  one 
dlnctloD  (In  the  direction  of  the  original  motion  of  the  subject)  al- 
ternating with  rapid  motions  In  the  ocher.  The  ^abject  himself  may 
be  able  to  perceive  »  corresponding  irregulariiy  of  motion  in  the  rtpots 
upon  the  wall  at  which  he  looks.  The  itlat<ioQ'  rest&  upon  the  subject's 
ilDCOO»cloasn&4s  of  the  »ilow  motions  of  his  eye^.  It  Is  not  Improbable 
that  these  eye  motions  and  the  senBatlonft  of  attempted  reiftoratlon  of 
eqaahbrlamliiotberpart?  of  the  body  are  reflexly  caused  by  thcdisturb- 
aoce  in  the  semicircular  CAua].«.  It  should  be  noticed  that  thii:  lllu^^ion 
is  the  exact  reverse  of  that  found  willi  closed  eye.s  in  Ex.  35.  Tbere 
the  subject  feels  a  rotation  of  his  own  body  cootniry  to  tbat  It  previous- 
ly received.  If  he  was  turned  at  first  in  the  direction  of  the  haodi*  of  a 
watch,  on  being  .xtopped  he  would  ^eem  to  be  turulug  iu  a  direction 
contrary  to  the  hands.  If  the.-^e  motions  were  transferred  to  objects 
about  him,  they  would,  during  the  rotation,  seem  to  move  contrary  to 
the  hands  and  after  stopping  in  the  direction  of  the  hands.  In  the  Fur- 
klnje  experiment  the  motion  of  objects  ts  not  thus  reversed. 

Sensation  of  Pro«be3sive  Motion. 

39.  So  far  a»  progressive  motions  do  not  partake  of  rotation  the  sen- 
•atloofl  wliich  the;-  give  us  are  probably  combluatLouuof  sensations  from 
Mveral  different  sources  or  sensory  judgments  based  thereon.  For  them, 
as  for  the  motions  of  rotation,  the  principle  holds  that  we  perceive 
eluuigea  of  rate  of  motion,  and  not  uniform  motion ;  as  long  as  the  mo- 
tknt  remains  uniform  we  can  by  an  efTurt  of  imagination  conceive  our- 
mIvm  to  be  moving  In  either  direction  or  to  bo  standing  still,  except  for 
the  jfl^rring.  The  apparatus  for  the  Btudy  of  the^e  phenomena  will  be 
found  in  railroad  trains  and  elevators. 

On  the  •eaaattons  of  thts  and  tho  prt^cpdlDV  wctloDi.  vf.  AalvMt.  translatiOD  of  IM- 
•I*  aboT«  elt«d  ;  Hach,  Bewcfttioge -Empnodunicen,  Leipzig,  1875;  BrowD,  Od  Samia- 
Uw  of  Motloo,  Nature,    vol.  XL.,  1M0,  p.  MO,  ff. 

VCSCLE  Sekse,  Krtf/tsinn, 

The  real  muscular  sensations  arc  probably  those  of  pain,  fatigue  and 
the  like,  anti  are  of  relatively  minor  importance  for  psychology  ,T;ut  the 
term  "  mutcle  sense  "  has  been  used  to  designate  that  sense  by  which 
lifted  weights  are  perceived,  and  is  here  used  In  that  sense. 

Jf^ratus,  Set  of  test  weights  somewhat  like  thoae  used  for  the  pres- 
tlire  seose,  bat  less  dllTereut  one  from  anotlier,  (For  example:  100 
mms  (two  of  this  weight),  101.6,  102,  102.2,  102.6,  102.8,  103,3). 
Wdgbtof  2or3  kg. 

39.  nUcriminative  aenslblllty  for  lifted  weights,  a.  Let  the  sab- 
tect  stand  at  a  table  of  convenient  height.  Place  within  easy  reach  of 
nil  right  hand,  and  near  togctln'r,  one  of  the  stnndiird  weiglits  (f.  tj. 
100  gm.)  and  a  weight  to  be  compared  with  It,  cither  the  other  standard 
©r*  heavier  (or  lighter)  one.  I*ct  the  subject  lift  one  after  the  other, 
taUug  care  to  lift  them  in  tbe  same  way.  at  the  the  same  rate  and  to  the 
nune  height,  and  give  a  decision  as  to  which  is  the  heavier  (or  the 
lighter).  Find  tlip  weight  that  can  be  dlstiuguished  from  the  siandard 
Id  78  per  cent,  of  the  triala.  As  before  tbe  ratio  IhHweeu  the  ilUVfrence 
<lftbeM  and  the  standard  Is  the  Index  of  the  discriminative  i>cusibi]lty. 
The  ratio  will  probably  be  about  2..^:  100.  6.  lie  peat  the  exiwrlmeot 
letting  the  subject  lift  with  one  hand  tbe  standard  and  with  the  other 
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the  weight  to  be  compAred,  keening  the  »atne  hitod  for  each  during 
each  Benet  of  trials.  Note  the  uiscriinliiatlve  Benalhlllty  aa  before;  ttw 
dl8cr]mlnatlona  will  be  mach  less  fine. 

Id  theee  experiments  the  nense  of  pressure  mishC  be  expected  to 
co-operate,  but  when  ]t  Is  excluded  or  put  at  a  relative  dUadvaotage, 
the  seoslbUlty  (or  dlfTereucea  of  lifted  weights  is  not  diminished. 
Weber's  method  of  excluding  the  pre^Aure  sense  was  to  wrap  the  weighta 
In  pieces  of  cloth  and  lift  thcra  by  the  four  corners  together.  Tlie  prea- 
flnre  on  these  cornern  can  be  chiiugcd  iit  will  Irrespective  of  the  hearlncH 
of  the  weight  lifted.  rompHr<!  ilie  de^crlminative  Hen.iibility  found  Cor 
pressure  with  that  found  for  lifted  weights. 

40.  Careful  experirannts  ou  the  method  of  such  discriminations  shows 
that  the  determining  factor  is  tlu?  rapidity  with  which  the  weight  rises 
as  it  Is  lifted.  The  following  experiment  is  one  of  those  upon  which 
this  conclusion  rests.  After  baring  performed  the  second  part  of  £x. 
39,  compare  the  standard  weight  with  a  very  much  heavier  weight,  0  g.^ 
a  kg.,  with  all  the  circumstances  of  actual  careful  ludgmeoc.  Practice 
IhN  jufigment  thirty  limes,  leaving  a  larger  iuterv.Hlof  time  between  the 
Individual  comparison!*  than  between  lifiingft  of  the  weights  compared. 
Then  at  once  return  to  the  smaller  weights,  giving  the  inundard  lo  the 
same  hand  as  before  and  the  weight  to  be  compared  to  the  hand  that 
has  Just  been  lifting  the  2  kg.  Not  only  will  the  weight  before  Just 
recognizably  heavier  seem  considerably  lighter  than  the  standard,  but 
also  still  heavier  weights  will  M>em  so.  This  time  the  testa  must  be 
few,  not  more  than  three  or  four.  If  more  should  be  desirable,  practice 
the  compariaon,  of  the  standard  and  2  kg.  weight  again  ten  times  before 
taking  them.  By  the  practice  the  nervous  centres  discharging  into  the 
the  muscles  that  raise  the  2  kg.  weight  become  accuiJtomed  to  a  larger 
discharge  than  that  required  for  the  small  weighf:  and  do  not  at  once 
re-adapt  t!iem>*elves,  but  supply  too  great  a  discharge,  the  weight  rises 
with  greater  rapidity  than  the  standard  and  Is  confie<iuently  pronounced 
lighter. 

Cf.  on  Xuacle  Seaw.    Weber,  op.  a'C;  MOUer  und  Schumann,  Ueber  die  iMVcholofrte- 

IWI.  ra.  tt-US;  Janes,  Par<£olap7tf  pp.  1M  ff.  * 

C.  abo  the  eapertmeitta  and  rmreaoee  00  the  I^rcbo-ptijtic  Law, 
ImrERVATioH  Sense. 

ApparaivM.     Black  board  and  chalk. 

41.  The  evidence  most  frequently  offered  In  support  of  this  sense  Is 
clinical  and  therefore  beyond  the  scope  of  this  course.  Experiments  like 
the  following  have  been  brought  forward,  but  their  interpretation  has 
been  disputed,  a.  Stand  erect  before  the 
black  board  with  the  eyes  closed  and 
coat  off,  if  it  Interferes  witli  free  motion 
of  the  arms.  Draw  with  each  hand  a 
conventional  leaf-pattern  like  those  lo 
the  annexed  cut  drawing  from  a  to  6 
In  both  cases.  In  drawing  tr>-  to  make 
the  lobes  of  the  leaf  of  equal  sixe, 
like  those  in  Fig.  A;  draw  each  with  a 
slDgle  FiiiiuiitAneous  **free  hand"  motion 
of  the  arm,  that  Is,  drHW  each  with  a 
single  TolitioDul  Impulse  directed  equally 
to  tne  two  sides — the  ta»t  point  Is  impor- 
tant. First  draw  a  pair  of  leaves  begin- 
ning them  with  the  hands  before  the 
shouldflrs  at  the  same  height;  the  result 
will  be  approximately  like  flg.  A.  Next 
draw  a  pair  with  one  hand  about  a  foot 
lower  than  before;  the  result  will  be 
like  Fig.  B,    b.  Brlog  theliaDds  again 
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to  the  position  u^ted  \n  ilmwlng  fig.  A^  and  draw  a  iiair  of  leaves 
luvlng  their  Apices  rl^ht,  and  kft.  The  lejtves  will  be  syiu metrical. 
Next  begin  with  oue  haud  about  a  foot  farther  away  from  the  median 
plane  than  before  aud  the  other  at  It,  but  both  at  the  same  level.  Draw 
BR  before;  asYuiuietri''al  leaves  will  be  the  result.  Hepeat  tlie  drawing 
a  oumb«rof  iimefl,  *tometlin<'R  raiRiog  or  extending  one  arm,  sometlnwis 
the  other.  lu  genural  it  will  be  fuund  tlmt  notwitJiHtanding  tht-  Inteu- 
Uoo  to  make  equal  movements  of  the  hands,  the  motion*  of  further  c*x- 
teoaioQ  in  the  extcodcU  arm  and  of  farther  flexion  in  the  flexed  arm  aro 
too  nhort  and  those  in  the  contrary  direction  in  each  case  too  long.  The 
ftrgnment  founded  ou  thiit  experiment  runs  as  follows :  We  think  that 
our  luinds  execute  equal  movements,  when  they  do  not,  because  we  are 
consdou?  of  williuj;  equal  movements,  and  unconscious  oronly  inex- 
actlv  conscious  o(  those  uctually  made.  If  ou  the  contrary  we  perceive 
motion  of  members  by  the  Fkln.  Joint  and  muscle  scn.'^atlons  that  accom- 
pany their  motion  (as  the  opponents  of  the  innervation  Sense  believe) 
we  ought  to  know  tlie  extent  to  which  our  hands  are  moved  each  time 
and  not  fail  into  the  Illusion  that  we  find  In  these  experiments. 

43.  Lay  tli©  hand  palm  downwardou  the  edge  of  the  table  or  on  a  thick 
book  so  that  the  last  three  lingers  shall  bo  supported  and  held  extended 
while  the  thumb  and  first  finger  remain  free.  Bend  the  first  finger  con- 
sldenblr  at  both  the  Inner  joints,  and  hold  It  In  position  with  the  other 
band.  The  finger  tip  is  still  movable  as  witi  be  found  on  touching  it, 
but  It  ii  anatomically  Impossible  to  move  it  \'oluDtarlly.  When,  however, 
the  eff'urt  U  made  to*  move  it  (the  eyes  beinp  closed)  there  is  n  sensation 
of  motion,  tliuugh  no  actual  motion  is  possible. 

43.  Of  experimental  evidence  against  the  Innervation  Sen^e  there  is 
more.  Mtiller's  experiment  (Xo.  40)  seems  conclusive  against  It;  for  If 
there  were  any  eeui^tlou  of  nervous  discharge,  we  ought  to  know  that 
when  we  go  from  a  very  heavv  to  a  Ilgtit  weight  the  discharge  is  dii^pro- 
portionate;  but  we  do  not.  'fhat  the  feeling  of  eflbrl  Is  of  peripheral 
aod  not  centrii!  origin  is  shown  by  such  experiments  as  thli*  of  P'errier's. 
u.  Hold  theflngerasif  to  pull  the  trigger  of  a  piitol.  Think  vigorously  of 
bending  the  finger,  but  do  not  bend  it;  an  unmistakable  feeling  of  ef- 
fort results.  Kepeat  the  experiment  and  notice  that  the  breath  U  in- 
voluntarily held,  and  that  there  are  tensions  in  other  muscles  than  those 
that  would  move  the  finger.  Repeat  the  experiment  again,  taking  care 
to  keep  tlie  breathing  regular  and  other  muscle"  pa^^sive.  No  feeling  of 
effort  will  now  accduipiiuy  the  imaginary  bending  of  the  finger,  b.  Lay 
the  f ore-ann  entirely  relaxed  in  the  scale  pan  of  an  ordlnarv  balance  (or 
b«lter  still  of  n  spring  habime)  and  put  in  weights  enough  to  compen- 
sate it  exactly.  Kemain  with  closed  eyes  keeping  the  arm  relaxed.  It 
will  after  a  Httle  overbalance  the  compensating  weights,  showing  that  at 
first  it  was  not  wholly  relaxed.  An  luervatlon  .Sense,  If  we  had  one, 
ought  to  prevent  such  an  Illusion. 


Cf.  ontbeSeDMof  Innervfttion,  Wiin>1M>Ii3«k)blfffKbe  Pircholocrlc:  L  397.  ff.:  : 
»Tj.  Zur  L«»hrv  von  (l»"ii  Vor!"t*«IIiinefn  tiber  cIIp  l^n  iinaervr  Glieaer,  PflQjc«r'ii  Archlv, 
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b»Tj.  Zur  L«»hrv  von  (l»"ii  Vor!"t*«IIiinefn  tiber  cIIp  l^n  iinaervr  Glieaer,  PflQjc«r'ii  Archlv, 
IIXVH  IW..  !.  lAi.-t'.UiiI.^ntucliiintfii  UU-r  Jie  OrteotiriuiK  fm  FQUrauQi  der  Hand 
unil  im  ftnckrantn.  I'flilirfr'ii  An-hfv.  XIA'1. 1—48,  (but  •««  «bA  cr(Clct«m* of  J&niMi, Psj- 
ebolocr.  II.  616,  ftd  of  Cbriittiiie  Lftdil  Fraoklio.  Amer.  Jour.  Pfv..  II.  SNl :  JaniM.  P^- 
dMlOffr.  n,  pp. 4M, ft. ;  Ferrier,  FimctioDiof  Ib«  BralD.  pp.3«:irf..iEiii;ll«l)E<).}:  Funke, 
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SKNSATX0N8  OF  MOTIOK,  (Joint  8en$e). 
Apparatus.    IliD^ed  board  for  piui»tve  (1i*xlon  of  the  elbow.    Tlie  a<v 

conipanjing  cut  will    give    some 

Idea  of  the  coiistnictlori  of  p>Qch  a 

board.     The  thin  boani  on  which 

the  lore-arm  restB  (50  cm.  long  by 

8-10  wide)  Is  hluged  at  one  end  to 

the  base  board.      At  tlie  other  eud 

a  cord  Is  faatened  ihnl  runji  over  t\ 

pulley  upuri  the  top  of  n  stout  post. 

On  the  end  of  tipe  eord  a  weight  * 

liung  tocouncerbnlauce  the  weight 

of  lue  fore-nrm.      A  scale  («.  {/.  » 

piece  of  mm.  paper)  on  the  pon  I 

uojir  the  weight  eu&blea  the  expor- 

imetiter  to   read  ott'  the  dUtaiu-e 

which  the  end  of  the  arm-board  is  | 

ral8e<i  or  lowered.     It  U  esKtutial  i 

that  the  hinge  and  pullv  work  eaei- 

Jy  and  without  jar.     'J'he  above  l«  f 

simply  ODe  way  of  accompllahlug 

the  re>4ulc ;  others  wtlt  occur  to  those  for  whom  this  cooi^Lructlon  is  ia- 

CODTCUlcnt. 

44.  Pa><slve  llexlou  at  the  elbow.  Let  the  subject  reat  the  fore-arm 
flat  upon  the  arm  board,  bringing  the  elbow  over  the  hinge,  and  olosu 
his  eyes;  raise  the  fore  end  of  the  arm-board  slowly  by  pressing  down 
Qpon  the  counter  weight,  and  require  the  Bub^ect  to 'announce  %i-lien  he 
first  percelTes  the  motmn  of  his  foi'e-arm.  It  is  extremely  important  not 
to  mi!>ta)£e  the  »eu»atIoD  of  increased  pre:sture  or  of  Jar  lor  that  of 
motion.  Witli  the  dimensions  given  above,  one  degree  of  angle  corre^- 
ponda  to  about  8.7  tarn.  The  same  apparatus  may  b«  used  forezteafiion 
as  well  a^  flexion. 

43,  Active  flexion  of  the  last  Joint  of  tlie  fiugor.  The  joint  sensa- 
tions of  the  Augers  are  less  fine  thiin  those  of  the  elbow, but  are  more  con- 
venient for  demonstration  of  active  flexion.  Fasten  a  piece  of  straw, 
with  conrt-plaster  or  otherwise,  to  the  linger  nail  of  the  middle  tinger^ 
and  cut  it  off*  at  such  a  length  tliat  the  distance  from  the  joint  of  the 
flnger  to  the  end  of  the  rtraw  shall  be  115  mm.  U'lth  that  radius  2  mm. 
corresponds  to  about  1'^  of  angular  measure.  HcHt  the  hand  on  a  thick 
book  letting  the  last  joint  of  the  fluger  extend  beyond  the  edge.  Set  up 
a  millimeter  i^calc  at  right  angle!<  with  tlie  $traw.  Close  the  eyes  and 
make  the  least  pofislble  flexion  of  the  linger  at  ttie  last  joint,  having  an 
auistunt  note  its  extent  on  the  scale.  Ketweeu  one  and  two  degrees 
will  probably  be  the  least  possible  voluntary  movement.  Close  atten- 
tion will,  prottably  in  both  tliese  casefl,  locate  tlie  chief  sensation  in  the 
Joint.  For  the  more  rigorous  experiments  retpiired  to  show  its  character 
clearly  and  to  prove  its  location  see  the  following : 

QoldNch^lder,  Uat^raucbuiurra  Qbrr  den  Mnilc-lioiin.  Uu  Doi»>ReyinoDd's  Archlv, 
18W,  pp.  M9  ff.  aad  MO,  alao  Supplement-Baad.  ISSD.  141  It. 

BDrsATiovs  OP  Resistance. 

Apparatus.  Two  or  three  kilogram  weight  and  atrlng.  Vessel  of 
mercury. 

46.  a.  Hold  the  weight  by  the  string  so  that  It  baug^  a  few  Inches 
above  the  floor,  with  the  arm  extended.  Ivower  the  welglit  rather  rai>- 
Idly  till  it  rests  on  the  floor.  As  It  strikes,  au  Illusion  of  resistance  to 
further  motion  will  be  perceived.  Tbl-i  Is  due  to  the  unexpected  strain 
put  upon  the  muscleii  that  lower  the  arm  by  the  tension  of  those  that 
have  oeen  holding  the  weight.    The  feeling  of  resistance  is  probably  a 
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JolDt-seD&ation.    b.  Soniethiug  similar  U  observed  on  pouring  a  quantity 
oC  mercury  from  one  vessel  to  another. 

Cf.    GottlBcliekler.  op.  at. 

Bn^TKRAL  Abtmkf.tribs  of  Positiov  aki>  Motion. 

Arparritus.  Two  medium  slxed  corb«.  A  mUlimeter  scale  at  least  one 
met^T  \oug.  'nii$  can  ea^^lly  be  made  by  pantlnj^  luillimeter  paper  upon 
ft  smooth  wooden  slat.  A  convcnieut  itonlehaA  ti  right  nailed  triangular 
aecrion.  In  am;  tlii»  atiindft  u{>un  Uie  shurt  side  of  the  tr1nDfj;le,  the 
lone  side  U  nest  the  subject,  the  hypolhcnuse  next  the  observef.  The 
mililmeter  paper  \i  pasted  along  the  upper  edge  of  the  side  next  the 
observer. 

4'.  Apparently  symmetrical  positions  of  the  two  arms.  Hold  a  corli 
between  the  thumb  and  tlrst  two  lingers  of  each  hand.  Close  the  eyes 
and  bring  the  two  corks  together  at  arm<4  length  in  the  median  plane 
before  the  fae«,  having  an  as^intant  note  the  approximate  amount  and 
direction  of  the  error.  The  corks  Phouid  be  brought  together  rather 
gently  «o  a»  not  to  betray  the  character  of  the  error  to  the  operator* 
but  the  motions  of  the  arms  by  whicli  they  are  brought  up  uearly  to 
contact  «hould  he  free  and  sweeping.  The  error  will  probably  be  found 
T»lher  constant  in  direction  until  the  operator  learns  to  correct  It.  Try 
bringing  the  corks  together  above  the  head,  and  also  In  asymmetrtciU 
positions. 

4A.  I^t  the  subject  seat  himself  at  a  table  with  tlie  millimeter  scale 
before  him.  Hlet  a  pin  in  the  middle  of  the  scale  and  bring  the  pin  into 
the  median  pUne  of  the  subject  and  make  the  scale  parBllt'l  to  hl<i  fron- 
tal plane.  I-*t  the  subject  place  hie  forefingers  on  either  side  of  the 
pin.  and  with  closed  eyes,  try  to  measure  off  equal  dlstnuces  by  moving 
each  outward  along  tlie  scale.  Note  the  result  in  millimeters;  for  this 
it  mny  be  convenient  to  mark  the  middle  point  of  the  ttnger-ualls  with 
an  ink-line.  A  constant  excess  in  the  motion  of  one  hand  or  the  other 
will  be  found.  It  is  Important  that  the  subject  should  not  open  his  eyes 
till  his  lingers  are  removed  from  the  scale;  for  he  will  find  it  dilllcult 
not  to  correct  l)i>;  error  if  Ite  kuows  Its  nature.  The  Huger  tips  should 
rest  lightly  on  the  scale  and  the  motions  should  be  made  by  a  single 
Unpnl'e;  If  they  are  too  slow  and  the  subject  attends  to  his  sensiitions 
of  position,  the  errors  will  be  smiiU  and  uncertain.  The  greatest  errors 
will  probably  be  found  for  distances  of  20  to  50  cm.  from  the  median 

Slaue.  llie  left  hand  generally  makes  the  greater  excursion  In  right 
inded  ]if  rxons  not  mechanics,  h.  He|>eat  the  testa  having  the  motions 
of  the  hnndu  made  successively  instead  of  slmnltaneousTy.  The  con- 
stant difference  between  the  hands  will  not  appear,  c.  Operate  some- 
what as  in  'i.  but  thi^  time  let  the  experimenter  move  one  of  the 
mbject's  hands  p&satvely  while  the  subject  himself  tries  to  move  the 
other  at  the  same  rate  and  to  stop  instantly  when  the  pasf^lve  motion 
stops.  Try  pa.«<iive  rnntinns  of  the  right  as  well  as  the  left  hand.  The 
errors  found  will  genersily  resemble  those  of  a.  d.  Let  the  sub- 
ject start  with  hl«  right  or  left  hand  2<>  cm.  toward  its  own  side  of  the 
median  plane,  and  try  to  meu^tire  off  equal  distances  on  either  Hide  of 
that  point,  u^Jni^  the  same  hand  for  both  distances.  Indicate  the  point 
of  departure  with  a  pin  as  iM-fore  and  mark  oft'  with  another  the  stand- 
ard distance  to  be  reproduced.  Dlstauces  outward  will  be  made  too 
Urgr,  distances  inward  too  smull.  In  all  these  experiments  with  closed 
eyes  we  seem  Inclined  to  judge  distance  rather  from  the  Intention  of 
equal  motion  and  the  continuance  of  motor  sensations  for  equal  times 
than  from  the  actual  peripheral  sensations. 

Cr.  liallsnii  Hurtwfll.  UlLttersI  Atyiiiriietrr  of  FuDCtlOD.  Mind.  Vol.  IX:  Loeb, 
FaOgar'i  Af«lilv,  XU,  lUT.  pp.  lOT-127.  Also  PflOxer's  ArehlT.  XLVl.  ISW,  pp.  1^. 

{To  be  Continued.) 
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I. 

Professor  EDWARD  ZELLER. 

Professor  Zeller  wn^  born  in  1814.  At  the  age  of  twentr-slx  he 
beonmc  decent  of  tlieoloj?}'  Id  Tllbiugen,  fn  1S49  was  called  to  Berne  as 
HggiittHnt  profcftitor,  sud  to  Marburg;  as  full  profefiM>r  two  year!t  Inter. 
In  1802  he  WHS  ciillerl  to  HeUlell>er);  jiiid  trjiusferred  from  ihcologjr  to 
the  ehuir  of  I'hilosoi>hj-,  and  ten  years  later  ciime  to  BerHn  ii*  the  suc- 
cessor of  Trcudelenbtirg,  w!icr«  he  is  now  the  lejiriing  tencher  amnng  six 
in  hU  department.  Here,  In  ISTS  he  was  elected  ret'tor,  reeeivJnK,  ac- 
cording to  the  liberal  German  eustoui,  a  large  fraction  of  all  the  exam- 
ination fee».  Hlft  ohit!f  publications  are.  OettcMcfite  der  GriechiMchtn 
PhitoaQphie,  the  fln^t  edition  of  which  wag  begun  Id  1841,  the  fonrth  in 
1676:  Vortnlge  und  Abhandlunffen^  in  two  volumes,  1875  and  1677,  and 
Qz»chichu  (Irr  DfiUf^fipn  PhitosophU  Kit  J>'i'6»i(j,  iu  one  volume,  1873. 
He  wns  the  founder  nnd  for  matiy  years  the  editor  of  Die  ThfologiKhe 
ZeUai'hrift^  and  has  written  shorter  articles,  to  be  found  only  in  its 
pages.  I'ersonally  he  Ia  a  man  of  moderate  height,  almost  alarmitigly 
thin,  sallow,  of  distinct,  deliberate  monotonous  delivery,  of  genial  out 
somewhat  pretrisc  manners  in  pergonal  intercourse.  Ills  lectures  attract 
hundreds  of  students  each  scme&ter.  As  a  comparatively  young  man 
he  married  the  daughter  of  F.  C.  Baur  of  TUbingen,  and  his  family  rela- 
tions have  been  citeplionally  happy.  lie,  witli  gevprai  others  of  the 
pruniineut  profr^sorfi  of  Uerliu,  was  a  frL-quciit  and  familiar  guetttof  the 
family  of  the  Crown  Priuce.  Friedrich,  and  according  to  common  report, 
was  In  an  informal  way  the  religion!!  adviser  of  his  contort.  Next  to 
Lotze  he  has  been,  no  doubt,  the  most  Influential  professor  in  his  depart- 
ment in  Germany.  Hehae  no  styMera  whatever,  but  has  devoted  his  life 
to  the  critico-hlstorlcai  presentation  of  the  views  of  others — a  depart- 
ment of  la^K^r  to  which  nearly  half  of  all  the  philosophic  writings  and 
phllo^ojihlc  lectures  iu  the  German  Universities  are  now  devoted.  In 
this  work  lie  Is  probably  without  a  peer. 

We  Shalt  Hrftt  epiionii/.e  for  our  readers  his  remarkable  summary  of 
recent  iovestieaLions  in  the  lleld  of  comparative  religions  and  the  psy- 
chology of  religion  in  the  newly  edited  two  volumes  of  essays,  which 
contain  his  moi<t  [>ersonal  as  well  as,  perhaps,  original  views.  In  a 
laborloosly  compacted  essay  on  the  Origin  and  Esi^^nce  of  Religion  he 
premises  that  philosophy,  or  p8ycholoji:y  is  the  closest  and  most  iudis- 
pensible  friend  of  religion.  Doubt,  wliii-h  marks  tiie  importjint  moment 
when  we  ijueiition  or  »eek  explanation  about  things  which  have  sur- 
roundcfi  us  from  childhood,  Is  »ure  to  lead  to  a  deeper  and  purer  faith, 
If  it  is  manfully  faced.  Tlic  notion  of  God  is  not  Innate  but  is  given 
perhaps  necessarily,  although  always  mediately,  through  experience, 
and  thus  rests  upon  the  same  sort  of  grounds  and  inffrences  as  the 
notion  of  atoms,  and  is  as  scientific.  In  fact  all  intellectual  postsesslont 
whatever  are  self-won,  iM  make  all  which  comes  into  our  minds  out  of 
experience.  All  men  Irre^lstably  infer  that  there  are  laws  and  that 
tilings  are  connected,  not  merely  in  time  and  space  but  inwardly;  they 
not  merely  are,  but  hang  together,  and  that  not  only  Iu  our  ideas  objec- 
tively carried  over  Into  experience  but  in  themselves  by  the  law  of 
causation.     LUce  all  things  else,  causality  itself  must  likve  a  cause. 


P8Tt?HOtOOICAL    LITEKATtrBIS. 


Thus  At  first  i'i  inaor  snbtitAnceii  tre  poataUted  ae  there  are  forces  ob- 
ierved;  later  these  forces  are  found  so  closely  connerted,  tbclr  actions 
and  r^tactions  so  poised  and  eqaipolated,  the  one  hy  the  other,  that  they 
mu«t  b^  thought  as  one.  But  tbU  unity  la,  of  coane-,  h9  by|>er3eDsaoafi 
and  immiit4^rlul  n*  force  tixelf.  Con^clouftue^s  la  it«  essence  Is  a 
anion  of  the  mnnifold,  iimt  hence  bv*  the  very  form  of  Its  knowine,  Its 
every  object,  whether  coRinlc  or  microcofimic  niuAt  be  a  unity  of  the 
eompoqlte  or  the  simple.  Hence  the  necessity  of  Inferring  a  prUuttlve 
unitary  force. 

In  lUufliration  of  the&e  principles  he  proceeds  to  ji^ronp  a  ^reat  num- 
ber nf  facts  (fathered  from  popular  psychology  and  aiylhologj*.  From 
jup.t  ^uch  feeling*  as  arise  vividly  in  our  own  consciousness  when  we 
take  the  first  Hprin^  rninble  In  the  country,  hy  the  nja,  or  under  the 
stars,  from  Just  such  instinctive  neefU  ai  we  liou-  (eel  in  the  thunder- 
storm!*. flooctSf  In  battle,  famine  or  in  sickness,  and  from  the  experience  of 
couitnun  family  and  social  life,  not  only  all  poetry  and  mythology  but 
alt  r<-iigIon  bflve  tnken  their  orli^ln.  The-<e  are  the  feelings  and  needs 
they  interpret.  The  atrongest  and  most  unwonted  Impressions  drive  us 
irrefutably  beyond  (he  limits  of  our  own  abllttv  ot  knowledge  to  duper* 
natural  causes.  General  forces  are  not  rielfied.  There  are  no  gods  of 
Btmcc  or  gravity.  There  was  no  Interest  lu  the  beautiful  but  only  in  the 
pleasant  and  the  fe:trfnl;  and  what  wits  more  fearful  than  night  before 
man  was  possessed  of  fire.  Be<>ause  mo<)t  of  his  instincts  sre  satUfied^ 
man  n>sunie«  that  somehow  his  wishes  aUo  mast  be,  and  so,  when 
thought  asks,  fancy  anf^wers  questions,  ihoueh  the  answers  are  but 
chanired  facts.  Thu«  the  first  religions  are  polytheistic  and  preserve  a 
faithful  record  of  the  wl«hes,  fenrs  and  hopes  of  prehistoric  peoples 
whose  spirits  were  wrouglit  upon  hy  naturu  and  history  with  an  inieo- 
sit;ir  loversely  as  their  knowledge  of  them.  As  long  as  do  one  dreamed 
that.  e.  g.,  even  the  sun  and  tlr*'  mighi  he  the  same,  no  one  thought  of 
ordering  thi^  crowding  and  iitcrea-iiiig  throng  of  deities.  But  a»  men  saw 
nnlty  iu  the  world  and  later  as  they  learned  to  concentrate  their  own 
eflbit«  upon  Aome  one  paramount  object,  did  first  some  group  of  gods 
become  paramount,  and  Inter  some  nne  god  was  made  king  or  president 
Id  the  council  of  the  other?.  Sometimes  a  tribe  who  had  developed  a 
national  deity  like  that  of  the  Jews  Induced  others  by  argument  or  by 
the  («word  to  accept  It  hs  their  own.  Perhaps  monotheism  wa#  fir-.t  the 
result  of  a  philosophical  crlti<[ue,  as  among  the  disciples  of  Xenoplianes, 
or  Bgnln  unitj'  was  favored  or  *ugge«ted  by  the  all-enclosing  arch  of 
heaven  and  the  apparent  limits  of  the  horizon  and  the  vii^ible  universe. 
The  vi.*ible  alway*  precede  the  invisible  gods,  and  monotheism  Is  al- 
ways developed  from  polythelam.  The  personification  of  active  forces 
)s  In  fact  the  natural  formunJer  which  the  idea  of  cause  is  first  repre- 
•mt<^.  It  Is  impossible  to  follow  all  the  subtle  associations  of  ideas  by 
which  the  wind  was  represented  as  a  breath,  the  lightning  as  God's 
Spear,  every  bright  or  smooth  stone  a«  an  amulet,  the  stars  as  living  be- 
ings, bv  which  a  «tick  was  thought  to  rev*'al  hidden  treasure,  or  a  back- 
want  look  to  the  k-fl  to  cure  sickness.  Whether  it  was  at  first  some 
fancied  analogy  or  a  rare  but  op)>ortaDe  chance  sequence  in  time  to 
which  they  owe  tbetr  origin,  they  have  possessed  the  mind  of  man  for 
unnumbered  ages,  and  hence,  and'  becanse  they  minister,  however  iii>- 
worthlly,  to  a  real  need  they  are  very  hard  to  eradicate.  As  long  as 
there  I*  no  postulate  that  all  things  are  connected  by  laws,  and  In  pro- 
portion a«  man  i*  uncrrlain  of  his  <iwii  position  In  an  unexplored  world 
where  the  most  unexpected  thing  may  happen  to  him  at  any  moment, 
■o  long  and  so  far  Is  he  anxious  to  get  the  unknown  powers  on  his  side 
bf  presents,  wounds  r<e]f  tnf1icu*d.  the  oflcring  of  animals  and  finally  of 
human  belngii  and  e<»i>ociaIly  of  innocent  persons.  Sometimes  the  deity  la 
small  and  weak,  or  perhaps  the  priest,  who  even  In  the  catholic  church 
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boldB  a  sort  of  conjuriag  power^  has  found  some  magic  liturgy  or  cere- 
mony of  miehty  and  coDStralDing  cogency  aud  the  god  may  even  be 
whipped  or  rmprUoned  till  the  wish  U  gratified  or  tEe  fear  ull&yed. 

But  religlouB  mu8t  ever  become  more  rational,  i.  e.  immaterial.  This 
process  begins  before  all  known  developed  lanirnages,  In  the  inference 
that  soul  and  body  are  dlfitincc.  und  that  tlic  «f;olit  not  ii  whole,  made  up 
of  Bouland  body  u»  subordinate  unities.  In  the  fight  of  ii  dcitd  acQuuiiii- 
ance  and  iu  dreams  this  dlstlnctlou  begins.  The  souls  of  raeu  are  at 
first  located  in  the  heart,  head,  bowels,  Uvcr,  diaphragm,  etc.,  and  are 
weak  and  shadowy. .  The  **he  hhuseir*  is  the  hody,  ns  in  Homer.  They 
lead  an  unreal  life  under  the  earth,  aft'ectlng  the  fruits  of  the  fields,  nre 
figured  as  ghosts,  manes,  el  vos,  and  finally,  In  German  mythology,  survive 
as  dwarfs,  till  the  conception  took  more  definite  form  in  the  IdeH  of 
Utuies.  At  first  only  chiefs  and  leader^t  Imd  souls  and  these  arc  Invoked 
along  with  the  sun  aud  moon  as  In  the  worship  of  ancestors. 

Ae  long  as  their  favor  could  be  bought  deities  had,  of  course,  no  moral 
character.  As  hospitality,  agriculture,  commercial  and  family  life,  cod- 
ceptlous  of  regularity  lu  nature,  etc.,  were  developed,  the  godsceaiipd  to 
he  awe  or  fen r-i umpiring  (unhfiminrh)  aud  influenced  more  directly  the 
life  men.  Religiun  now  began  to  grow  in  importance  with  the  worth  of 
the  mor.ll  iif(>.  The  lowoftt  form  of  prophecy  is  the  interpretatioa  of 
sign-i.  Faith  Is  the  child  of  tlie  w  iMi ;  then  an  audible  voice  must  speak 
from  the  clouds ;  then  men  are  inspired  by  a  daimon,  which  Is  the  inner 
oracle  of  oonvlctlon  below  distinct  consciousness.  They  are  snddcnly 
aud  perhaps  violently  possessed  by  ideas,  which  wrap  thera  in  a  dream, 
revery  or  vision,  so  new  atid  so  absarblng  that  the  poet  or  muatcian  dare 
not  claim  hU  work  as  his  own.  They  did  not  know  the  inner  process 
but  were  sure  of  It^  re^fiilts,  and  thus  in^^plmtlon  was  the  best  fomi 
which  creative  genius  knew  to  give  it«elf. 

From  the  above  principles  of  its  growth  we  may  Infer  why  relit:ioa 
sometimes  becmie  Inrgoly  i>oliiii'n|  aa  among  the  ifews;  wliy  ancient 
systems  laj*  great  weight  upon  the  cultns  or  worship  and  modern  upon 
dogmatic  orthodoxies;  why  rvllgious  must  change;  why  the  tension 
betwetu  the  old  and  the  new  is  proportional  to  the  rapiditi'of  this 
cliuntre,  why  all  that  cannot  be  hantioul/ed  to  the  ucw  staudpoiiiib 
filinuld,  as  h'chloiermaoher  said,  be  allowed  to  lapse  from  the  <^hri.«tian 
coni^ciouanecs  and  above  all  we  can  s«'e  thai,  as  we  sliuuUI  not  study  the 
Bible  to  know  what  Jesn-*  belleveil  but  what  we  must, — so  the  worth  of 
religion  does  not  depend  on  how  It  origlnnied  but  on  what  It  doe.a.  ju*i 
us  the  dignity  of  man  aud  of  science  are  not  Imp^ilretl  by  the  conviction 
that  one  was  developed  from  the  ape  aud  the  other  from  astrol^vgy,  uU 
chemy,  etc.,  or  as  the  cogeucy  of  a  man's  logic  Is  not  prejutllced  by  the 
fact  that  a  few  decades  ago  we  could  use  only  bahy-lauguage.  Xot  the 
first  form  but  the  hlsioric  priuclpie  i»  the  el«^l■^tinl  thing.  S'^o  man  loses 
esteoni  for  the  L»eriii;tn  jjcople  of  today  by  reading  Tacitus  or  studying 
the  life  of  the  mediaeval  Tputonic  tribes. 

A  poetic  race  will  emphas-lz^  the  mylhulnglcal  element,  a  speculative 
people  the  dogouitlo  aud  a  practical  the  active  side  of  religious  lite,  but 
SchU  iertnacher  wi«  right  in  seeking  a  de-per  common  principle.  We 
must  always  reiLson  from  what  the  religious  con:*cLousnes6  saif*  to  what 
Itmtattf.  Dogma  iguore.*  (^cieutiflc  iurert-j'ts.  Knowledge  is  no  uiea- 
Min*  I'f  the  worth  of  religious  life  aud  l-i  valueless  for  ita  own  "ake. 
Morality,  very  far  from  heiug  the  natural  and  implacable  enemy  of  re- 
ligion, as  Fcuerbach  argued,  is  its  chief,  but  not  only  constituent.  As 
well  argue  against  the  use  of  flre  on  account  of  conflagration  or  iiir*inst 
civic  liie  becaui*e  of  corruption,  or  against  judicial  tribunals  because 
they  aanetlonod  the  torture  chamber,  as  to  reject  religion  because  of  the 
selfishness,  fanaticism  and  superstition  wldch  are  ever  found  to  attend 
It-    Keligion  it  not  merely  recognition  of  our  duties  as  divine  commands, 


Any  more  than  the  notion  of  God  orifflnated  Id  the  moral  sense,  but  It 
Inolndes  every  thins  whtt-h  concerns  the  well  betoff  of  man.  It  restB  apon 
and  i»  determined  by  ttie  needs  of  ^ocIhI  Hud  individiml  life  nnd  eepecial- 
ly  of  the  Gemtith,  Its  cultus  is  the  natural  expre^ttiou  of  »  natural  feel- 
la^  and  must  evoke  worthy  frames  of  mind  and  all  noble  resolvea. 
Does  it  brlnft;  joy  and  certaiuiy  liiio  the  life  of  the  soul,  does  it  increase 
the  eeofie  of  personal  hiippiues*:,  rest,  ]>ea<.'e,  etc.,  and  not  does  it  make 
OS  worit  succesfifully  for  Llie  rcwnrtU  of  a  future  pay-day,  are  the  ques- 
tionftV  Can  we  di^penise  with  the  sense  of  our  universal  relaCiou^hip 
and  ^ve  up  the  postulate  of  the  search  for  a  unity  ot  all  things? 

In  bla  religious  views  Zeller  has  bccu  greatly  influenced  by  Schleier- 
niHclier  wlioin  he  very  justly  terms  "■the  greatest  of  ail  protestant  theo- 
logians." a  many-sided,  Pia'tonlo  mind,  a  true  ethical  ifenlus  who  mmt 
preach,"  and  who  U  best  understood  not  by  his  avowed  pupils  but  by 
tboM  who,  refutiuf;  hl^  lerier  by  hi^4  splVit,  hi^  later  by  bis  earlier 
worfcft,  have  passed  beyond  his  »taudpoiat.  His  fcreat  object  was  Co 
mediate  between  supernntiirnllfini  and  rationalii^m,  inyjiticlsm  and  em- 
pyrlciam,  docetUm  and  ebionetipni,  manicheiam  and  pelagiaolsm,  to 
t««t  the  true  value  of  all  knowledge  by  the  relifclous  cocsclouaness,  to 
bring  the  culture  of  his  time  l)Ri;k  to  piety,  in  his  earlier  wrltlDgs 
Sohleiermacher  argued  that  siTi[)ture  became  Bible  solely  by  force  of 
its  own  InwanI  excellence,  by  the  natural  law  of  survlval/lu  short  tliat 
ehrlstiantty  docs  not  insii^t  upon  being  the  only  fotm  of  religion,  but 
would  prefer  at  any  time  to  yield  to  a  better  «houlii  it  api>ear.  Not 
odIt  all  dogma  buteven  Jesus  himself,  to  whose  persou  he  attached 
aucQ  central  Importance  later,  but  who  never  claimed  to  be  the  only 
mediator,  were  not  indliipeusable  to  the  Christianity  characterized  in  the 
religious  He/ten.  Ills  philosophy  was  always  for  the  sake  of  his  theol- 
ogy of  which  it  was  only  a  broader  form.  OikI  and  tlie  world,  he  saya^ 
are  different  expre*Rion8for  the  same  worth,  each  unthlnkai>lH  without 
the  other.  Go.l  id  the  essence  of  the  world  and  not  a  will  over  It ;  hence 
there  is  no  dlllcrenco  between  His  will  and  knowledge,  between  the  pos- 
sible and  actual,  between  ability  to  do  mid  performance.  As  providence 
Is  the  law  of  nature,  there  can  bo  no  miracles,  no  origin  of  the  world,  no 
physical  answers  to  prayer.  Personal  life  is  not  the  essence  of  the  soul, 
but  its  phenomena,  and'the  Imperfection  of  the  Inilivtdual  la  but  a  part 
of  the  perfection  of  the  whole.  In  short tjplnozliim  Is  softened  and 
idealized. 

Corresponding  to  Kant'-'  disrinclion  between  the  sensorj'  and  the  un- 
d^rslanding,  .Si-hlelerniacher  dlt^thigtiUhes  the  organic  from  the  lutelleo- 
taal  function,  the  former  a^  material  and  manifold,  the  latter  as  unify- 
ing, nud  each  making  and  needing  the  other.  All  experleni'e  Imi^la  us 
to  God,  whom  neverthele«is  we  cbnnot  know;  yet  he  does  not  Inter  God 
to  be  unknowable,  like  Kaut's  thing  p*rsr,  from  the  aniithe«.is  of  our 
faculties,  hot  because  the  nature  of  tite  ideas  given  in  experience  does 
not  corrij'potid  to  the  God-Idea  which  latter  he  thus  illoglcally  Zell^-r 
thinkfi  pr«*up(M»pes.  Our  will  he  sjiys  rtuctuareti.  but  no  vainly  seek 
for  th"  ground  of  will;  whll«»  for  IvhuI  It  U  the  will  which  lirdt  opens 
the  Intellectual  world.  The  deejiest  problem— the  relation  between  will 
and  being— is  fouud  iu  per>>onalirv,  which  Is  the  appearance  of  the  In- 
finite spirit,  and  Is  the  compendium  of  the  universe.  It  must  bo  de- 
veloped to  the  fullej=t  individuality  between  which  and  geucral  laws 
there  is  no  coulllet.  'ihia  noblo  romanticism,  by  which  he  strives  to 
aolte  earnestiipi!*  and  scifntitU'  breadth  and  to  rewue  the  abfitract  mor- 
al! of  Kant  and  Kichte  from  tlieir  subjectivity,  makes  our  inmost  nature 
the  picture  of  tite  InHnlte,  uod  personality  the  organ  of  knowing  it. 
Here  God  and  every  moral  principle  i'^  revealed,  the  knowledge  of  which 
we  mast  work  out  into  ever  purer  forms.  Thus  religion  is  feeling. 
Pun  and  perfect  self^fceling,  however^  would  be  a  knowledge  of  God 
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without  the  world,  which  U  impossible  because  tlie  God  idea  can  never 
be  freed  from  autlthesi?.  But  couceptloD  also  gWa  a  Dotioo  of  God, 
hence  religion  Is  not  over  philosophy,  and  while  the  former  should  be 
univereftl,  reaeou  and  critlcUmare  aUo  allowed  free  scope. 

Over  ag'ttlust  an  absolute  power  and  cau*iility  no  feeling  hut  that  of 
dt'iipndfriioe,  or  of  being  dctermiiiml,  li»  po^silbje.  Tliia  form  of  feeling 
is  originally  given  witTi  persoualUy,  before  all  eelf-activiiy.  We  dare 
not  Bay  that  wc  know  it§  source,  as  substance  or  otherwise,  hence  there 
Ib  no  God-idea,  save  the  vague  tchence  of  the  feeling  of  absolute  de^wud- 
once,  and  all  attempts  to  personify  God  are  gratuitous.  Religion  origi* 
nates  naturally  In  us,  but  we  niuVt  actively  develop  It,  and  tt  reuialus 
ever  imperfect;  hence  there  are  Rlwayf  parts  of  sin  as  well  as  of  grace 
In  us.  The  former  prece<liiig  the  latter,  as  Uie  life  of  sense  precedes 
the  life  of  mind.  Because  as  feeling,  li  \b  the  most  individual,  religions 
life  most  needs  enlargement  in  companionship.  It  is  nrtMised  by  iuter- 
coarse  and  needs  comnmnity.  This  is  the  basis  of  tlie  church.  '  Ererv 
experience  or  represenlatlou  of  the  individual  life  by  word  or  act,  which 
arouses  others  to  respxmsively  produce  the  same  state  in  themselves,  is 
revelation.  Thif>  is  best  peen  in  the  expressive  ludividuality  of  a  reU- 
llvely  perfect  type,  and  otht^rfi  are  arousc^i  to  diseipU-shlp. 

So  far  Zeller'esBcnlially  agiiN-s  with  his  luacher;  but  when  the  latter 
proceeds  to  make  J(^(ius  typically  perfect — (HrhildU'rh)  as  a  historical 
person  by  virtue  of  his  special  religion  or  Cod-consciousness,  i^cllcr 
objects  that  Schlelemiachfir  failed  to  prove  the  latter,  and  tliai  Jc^us  in 
DO  authentic  passage  claims  t}-pical  perfection.  Jesus  may  be  a  perfect 
man,  but  he  Is  not  thuii  i>roven  a  God-man,  and  as  such  neither  hU  per- 
son nor  the  dogmatic  deduction  from  It  are  natural.  With  surprising 
critical  free<iom  Schleiermacher,  In  the  matured  form  of  his  system, 
urges  that  all  Christ's  acts  and  words  merely  reveal  his  ^ersouality  and 
so  far  as  this  creates  or  wakens  my  religious  life,  or  mother  words 
makes  grace  outweigh  sin  in  me,  he  may  be  called  my  redeemer.  There 
Is  absolutely  no  substitute  or  proxy  bearing  of  the  penalty  of  sin.  The 
church  visible  aud  invisible,  or  actual  and  ideal  or  typical  simply  aids 
men  to  reproduce  the  image  of  Chri«t,  as  a  norm  in  their  own  lives. 
Thus  in  explaining  tlie  creative  beginning  of  moral  life  in  .Jesus  and  the 
church  according  to  pmfouiid  and  more  or  le^s  intelligible  jisyehologic 
laws,  in  exploring  the  essence  of  religion,  aud  in  transfurmiug'  its  tradi- 
tions to  the  spirit  of  our  limes,  in  giving  even  theology  a  now  ground  in 
modern  consciousness,  and  In  deriving  all  from  self-couscioui>oess. 
Schleiemiacher's  work  is  incomparable  and  imperishable.  But  when,  as 
dogmatist,  he  treats  thi>  gospels,  and  even  John  before  all,  as  historical 
and  labors  with  such  painful  ingenuity  to  pour  his  new  wine  into  the 
old  vessels  which  Strauss  and  Baur  were  so  soon  aud  so  easily  to  shatter, 
he  was  not  only  incoualateut  ^\  1th  the  freedom  of  his  own  earlier  posi- 
tion, but  brought  long  discredit  uj-ou  hU  religious  philosophy,  the  moat 
Srofound  and  quickening  in  mo<leru  thought.  Zeller's  attitude  to 
^ohleiermaclierifi  thus  somewhat  analagous  to  that  of  J.  S.  Mill  toComte. 
While  reproducing  and  developing  the  spirit  of  his  earlier  best  period 
■with  ripened  and  condensed  vigor,  he  rejects  the  tortuous  scholasticism 
of  his  dogmatic  aud  exegetlcal  [according  to  Darner  his  best  and  most 
maturedjeystematiziug,  aa  worthless.  Tteliglon  Is  well  called  a  feel- 
lug,  but  to  describe  iu  content  as  one  of  absolute  dependence  is  iuade- 
qu.ite  or  at  least  misleading.  It  is  as  well  the  consciousness  of  absolute 
freedom  in  a  pregnant  Hegelian  sense.  No  matter  how  philosophic  the 
conception  of  fatalism  may  be  made,  tt  must  ever  be  prejudicial  to 
moral  accountability. 

In  discussiog  the  teleological  and  mechanical  explanation  of  nature, 
which  is  perhaps  the  most  fundamental  question  of  religious  philosophy 
Zeller  urges  that  it  Is  equally  senseless  and  (astel&M  Co  conceive  animals 
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u  intflhiQes,  the  world  as  a  )ius;e  tirne-pieoe,  the  mind  as  a  body,  attiwy 
don  u  caused  by  hooked  Htonis  or  to  bniilsh  nil  notioo  of  iIdiiI  enusea  U 
tttrren  vestals  oo  the  one  hand,  and  to  explain  trIAep  tcleolofii'lcally  on 
the  other.  Neither  can  he  agree  with  Plato  aud  Aristotle  that  nature  Is 
to  be  exi>lfllued  Ju  part  meehank-aliv  and  in  part  teleologlcally,  nor  with 
Jje]y*iiit/.  thiit  thp  worlrl  a^  a  whole  l.«  teleologlcal  and  ^iti^le  phenomena 
iu»rh»uiral.  While  tlie  latter  f>atUflc8  iH-ieni.'*!  it  gran U  too  much  lo 
metapby^k-s.  All  possible  worlds  had  no  straggle  lorcxtstonee  in  Gods 
mind,  hut  the  world  as  it  is  h  the  only  possible  ff»rm  of  its  revelation, 
and  Is  lience  uecesBJiry.  lu  a  |jerfect  nature  tlie  divine  will  and  abiiltv 
coincide  with  action.  The  world  has  no  bef^innlng  or  end  in  time.  It 
wa*  never  without  lif*>  and  reason  In  some  fomi.  Heoau^e  necejisUy  la 
perlett  and  ahsi»luli!  it  must  be  best  conceived  as  inuiiiupiitly  leleofog- 
ical.  and  the  antithesis  between  the  two  applie)!  only  to  its  eienients  and 
uot  to  the  world  as  a  whole.  'Hie  need  of  the  latter  is  only  felt  after 
Qutu's  acts  have  become  plan-full,  and  if  granted  would  require  an  infi- 
nite series  of  reasons,  which  at  bottom  would  be,  like  the  conclusions 
from  logical  premises,  rather  more  mechanical  than  otherwise.  Before 
matter,  as  space  filling,  moving,  etc.,  can  become  an  adequate  logical 
cause  of  all  things  it  must  be  conceived  In  a  radically  new  way,  while 
t«>1co1ogy  is  at  nin«;i  ittily  one  heuristic  presupposition^  and  not  a  scien- 
tifli-ally-grouiidf'd  conittiiutivp  principle. 

The  development  of  monotheism  Zcller  considers  as  the  mo-*!  impor- 
tant of  moral-theoretical  problems,  and  among  the  Greeks  the  most  gift- 
ed of  all  races,  it  is  especially  suggestive.  The  poesy  of  Homer  and 
lleiilod  depicts  Zeus,  the  God-king,  as  subject  lo  late,*  surrounded  by  a 
turbulent  and  trii-ky  aristocnicy  of  deities,  and  alihougli  the  protector 
of  rights,  as  yotpn§^ei*singiio  very  moral  character,  ni*  rule  is  far  mild- 
er than  that  lo  the  sliadowy  old  di<>)>eueHtioD  of  the  Eumlnlde?.  The 
poetR  were  the  first  thcnUicians,  and  it  was  Ihi-y  who  retormpd  the  cru- 
dities of  the  the  early  faith.  Philosophy  did  not  grow  up,  as  since  the 
christian  era,  in  the  service  of  theology.  Xeuophaues  contributed  the 
first  monotheistic  concejitlon  in  de^criHng  men  and  gods  as  having  one 
origin,  aud  the  Infinite  Oue  as  being  all  eye,  ear,  thought,  etc.  From 
hU  keen  irony  e.  p.  in  9ii\tug  tlie  Thraclau  god:*  have  blue  eyes  and  red 
hair,  and  that  lmr«<*.-  and  uxen  *-<mld  they  think  and  lipejik.  would  liiive 
quadruped  gods  like  themselves,  anthropomorphic  ixilytheUtu  never 
entirely  recovered.  The  teachings  of  the  sophists,  which  pervaded  all 
ranks  of  society. — that  we  cannot  tell  whetlier  thn  gods  exist  or  not, 
tlmt  ivligtou  wa?  the  luventiou  of  slirewd  legislators  who  sought  in  an 
appi'di  to  tear  the  strongest  sanction  for  their  laws,  or  that  the  Qoda 
represent  those  natural  obpecta  found  to  b«i  the  most  useful,  was  fol- 
lowf-d  by  t^ocrates^  conception  of  a  unitary  plan  in  nature  and  an  ail 
wise  and  good  principle  over-ruling  all  things.  Yet  he  was  by  no 
meitus  hostile  to  the  popular  religion,  but  believed  In  many  Go<U,  who 
do  ail  for  the  good  uf  man,  who  must  submit  to  and  obey  them,  but 
alsu  In  a  world-forming  reason  over  all.  The  Elentles  l>elleved  In  one 
only  God.  not  in  human  form;  the  C^'nlcs  ridiculed  the  popular  fultb; 
the  Skeptics  declared  it  not  proven,  the  Gplourlans  thought  chance  and 
nece^i'ily  ruled  the  universe  aud  that  the  gods  led  a  llfeof  placid  repose, 
far  uff  between  the  worlds  jtnd  were  worthy  of  unselflan  veneration. 
Over  Plato's  eternal,  charigele*8,  ideal  world,  the  Good  rules  supn-me. 
It  is  the  ground  of  all  thought  and  being,  giving  to  things  reality  aud 
to  thought  truth.  It  is  essential  deity,  towards  which  we  strive  la 
every  act  and  tliought,  yet  hard  to  know.  It  created  and  rules  the 
world,  is  approached  by  purity  of  life,  is  uot  jealous  of  human  happl- 
o«ftS,  ifi  t>eyoud  f<'«'ling  pte:uiure  or  pain  in  human  actp.  To  this  concep- 
tion christian  theology  la  Immcnselr  indebted.  Yet  Plato  does  nut  give 
up  the  Idea  of  other  visible  goda.    Stars,  like  the  world,  are  Incorporate 
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deities.  Hen  must  be  traloed  by  mythic  lies  to  Inter  abandon  flfcnrHte 
ftod  poetic  (or  true  thinking.  Aristotle  reasserts  moec  of  the  same 
notloDR  but  iLddd  tluit  God  muAtbcii  pervomil^  active,  first  moving  CAu^e, 
etc.,  his  prwvidencf  immiiKMit.  Tlie  AriatoteleaD  conception  requires 
polytheism  only  for  political  ends.  The  Stoic  pantheism  which  held  tiiac 
oreatire  flre,  reason  and  law  could  all  be  worahlppei].  rIao  )i;rantctl  rhac 
myths  were  IndlHpeiiMihle  Kllegorlc  representation  of  eterniil  elements. 
But  the  reaction  of  skepttci^ni  which,  from  its  extreme  distrust  of  rea- 
fiOD,  cumc  to  long  for  rcvelntion  and  which,  even  among  the  Jews  after 
the  Kabyluuian  exile,  Hdmilted  the  doctrine  of  angclB  and  devils  to- 
gratify  niim's  polytheistic  cravings  led,  among  the  Cirecks.  to  the  no- 
tion of  demons,  whirh  were  only  ti»e  old  deltiea  of  ]>olyihei7im,  as  the 
servants  and  tools  of  the  supreme  being.  The  commingling  of  rncc?, 
led  to  the  conception  of  the  later  Stoics,  that  all  men  are  children  of  the 
same  father,  to  the  belief  in  the  unity  of  God,  and  to  dirifantit^fitctlon  with 
any  merely  tiutional  gt^l  or  mei'jiijih.  The  last  stand  of  polytheism  was 
made  lu  the  new  piatouic  philosophy  tn  Its  long  but  ineflectlve  struggle 
with  Christianity,  which,  refuting  its  ceutml  conception  of  a  descend- 
ing (^riett  of  beings  emnnnting  from  the  one  perfect  light,  which  was 
at  last  extinguished  in  iuert  matter,  adopted  It  as  a  form  of  speculation. 
Thus,  Zeller  argues,  (ir**ek  pliiloiidphy  prepared  the  way,  though  some- 
wlmt  I'-totericiiUy  at  Ilrft,  or  ('hri-'tianlty,  and  Ktipplied  the  elements 
for  its  subs(!qucnt  nttional  deTclupueat  to  nn  extent  hitherto  an^as- 
pected. 

Pythagoras,  after  premising  that  the  stronger  the  impressioa  made 
by  any  persou  or  event  the  greater  will  be  the  mythopfrlc  reaction,  he 
Inferfi  that  the  r<ii^e  of  Krotona  niu^it  have  t>een  a  many  t^tded,  ejirne^t 
and  9flgacIou«i  ethical  reformer.  He  came  from  his  native  Laaoc  to 
southern  Italy  In  ;i  time  pcculiariy  fltt(*d  for  his  work.  The  centrnl 
doclritu*  of  the  ^m-lcty  at  which  he  became  the  centre  wa*  that  of  tu:ure 
rewards  and  punishmenrs  nnd  the  transm Ignition  of  souls,  or  that  moral 
purittcntlou  nan  tiie  highest  end  of  life.  This  and  his  asceticism  wj-re 
perliapB  learneil  iu  the  orphlc  mysteries.  He  taught  music — or  the  art 
of  (he  muses^and  gymnojittcs,  and  that  all  things  might  be  expre««pd 
in  iinmerical  rctntlons.  Hlf^  followers  refused  to  eat  the  heart  ofatil- 
UHils  l)ci-Jiu-e  it  WiiH  the  seat  of  Ille,  and  were  liurietl  in  linen  garments 
that  the  muttering  of  wool-bearing  animals  might  be  mitigtitcd.  They 
held  their  gootli*  in  common,  made  fidelity  the  chief  virtue,  and  taught 
that  the  best  sliould  rule.  Such  are  probably  the  facts.  Within  four 
oeuturies  after  the  master's  death  hi*  follower*  des^^ribed  him  as  a  proph- 
et, whose  head  was  constantly  surrounded  by  a  nimbus,  who  call**d 
up  storm*,  lu-iiled  the  ini^aue,  arrested  plagues,  culled  down  an  eagte 
from  the  sky.  ordered  a  bear  to  cca«e  eating  flesh  and  was  obeyed,  wa» 
seen  at  two  "distlnut  place"*  at  the  same  time,  was  called  by  name  hy  a 
river  god,  remembered  his  preceding  life  iu  which  he  was  the  sou' of 
Hermes,  as  In  this  of  Apollo,  heard  and  caught  the  harmony  of  the 
spheres,  had  made  a  vif»ii  to  Hade«,  etc.  Nearly  all  diiitinguished  ineu 
In  Egypt  and  the  east,  it  was  said,  had  been  his  teachers.  The  older 
his  school  became  the  more  his  youuic  disciples  were  able  to  tell  of  him. 
He  left  no  writings,  but  lu  the  flrsc  century  li.  ('.,  many  ascrit>ed  tlielr 
writingji  to  him  partly  a?  u  compliment  and  partly  to  win  consideration 
for  them,  till  several  Vcoren  of  voIuuk-c  now  bcsr  his  name. 

Tlie  germ  of  the  Uoinan  religion  he  flnda  in  the  Latin-riablne  venera- 
tion of  invisible  spiritual  beings  iu  nature.  The  "otitude  of  woods,  the 
gurgling  of  sprlngfi,  the  crackling  of  flames,  the  gloom  of  forests,  the 
phenomena  of  the  sky.  of  growth  of  the  seasons,  sugtcestod  to  the  old 
Itom.ins  thre(>  classes  of  natural  forces,  heavenly,  terreatial,  and  sub- 
terranean, which  were  poetically  pcrsonlftp<l  m  gods  Instead  of  scien- 
tifically Interpreted.    The  transltou  from  a  fauclful  conception,  to  a 
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jbMAtared  ethical  rellf^ion  enn  be  nowhere  so  fully  BCud!ed  as  among  the 
'--aonuns,  whose  fundaniental  charnrlerit>tle  was  awe  of  unknown  forces, 
and  contftraJot  before  sopernaturHl  influences.  Hence  tbclr  reverence 
for  tradition  their  extreme  care  not  to  otfend  the  gods  by  inauspicious 
chance  words,  by  the  neglect  of  the  innnmerabTe  formalities  which 
hallowed  nearly  every  act  of  life.  For  centuriea  at  first,  like  the  Ger- 
mauic  race«,  the  Koniana  had  no  or  few  iniagefi  of  the  godfl  but  later 
there  were  thronjfs  of  protective  deities  e.  g.  one  for  gate?,  another  for 
htegefl,  one  for  door»  another  for  threftholdp,  or  uji^Hin  one  for  the  cry  of 
a  new  born  babe,  another  for  tlic  fntticKs  ackuowledgpment  of  it,  a  god- 
dess of  the  cradle,  another  who  presided  over  the  ceremony  of  naming, 
another  was  protectress  from  witcheit.  There  was  one  each  for  the 
child's  food  and  drink,  one  which  brought  it  from  tlie  cradle  to  the  bed. 
Sacrilice  was  made  to  appropriate  deities  respectively  that  the  boy's 
bones  inlghi  grow  riglitly.  when  he  first  stood,  walked,  went  to  and 
came  from  f^choo^,  toothers  that  hi> might  reckon,  sing,  be  tttroug  in  btxly 
and  in  mind,  etc.  In  the  third  and  fourth  century  B.  C.  the  Influence 
of  the  religious  of  the  north  and  south,  et^peciatly  that  of  Greece,  t>f>gan 
to  be  felt.  First  the  mytliology  and  riles,  then  the  lUeraturo  and  later 
the  Greek  philosophy  raillcHlTy  changed  the  popular  faith  and  at  laet 

f)repareil  the  wny  tor  an  eauy  fmii'^itlon  to  chrlftrianity.  First  the  Phal- 
ow  Kiiliemcrus  taught  that  the  gods  were  auceftors  and  .love  was  the 
head  of  an  old  regent  liouse.  IIU  dot'trines  were  long  intiuential.  'Die 
epicurean  deUt  Lucretiuii  de<«crlbed  tlie  world  as  set  free  from  the 
heavy  oppression  of  superstition  by  philosophy,  'llie  Gods  were  far  oft 
and  cared  not  for  men.  They  could  have  no  sex  or  age,  the  story  of 
Iphigenia  was  an  unmltlgatea  horror.  Scacvota  declared  that  the  relig* 
ion  of  the  p4>et^  was  chltdiriii  and  often  immoral  and  that  of  the  phlloKO- 
pber  abstruse  and  powerlcKg,  and  held  that  religion  was  chit- lly  an  art 
of  tbe  .statesman,  who  must  and  ought  to  u^c  it  for  political  onds.  'J'hat 
lh»  ponUfft  vuttimus  i^f\\x\i\  ihiis  liold  dogma  B)*  notldog  beside  religious 
enJtas  without  exciting  antngonUm  is  ^iguificaut.  Varro,  theaothority 
for  most  modern  knowledge  of  the  religion  of  nncicnt  Home.  decLiired 
God  to  be  the  UDlver^ie,  eepecially  the  soul  and  reason.  The  public 
religion  ^houhl  l>e  allegorized  philosoptiy  rather  than  the  myths  of  the 
poets.  Seneca's  conception  nf  n  wurlil-nillng  wiMlom,  henctlccnt  good- 
neitfl,  pious  dl-eposUion,  hl-i  description  of  deity,  near,  abimt,  in  u«,  was 
Uw  tiigheMt  form  of  ^(oici&tn,  in  which  it  most  nearly  coincided  with 
Chri«tlauity.  Kpictetus  luid  especlnily  M.  AuruUus,  to  whom  Zcller 
devotee  a  laborious  esi^ay,  were  fur  less  emancipated  from  the  popular 
faith.  The  farmer  believed  In  Demeter  and  Persephone  because  men 
enjoyed  their  fruits,  and  hpcaufe  they  rttstralned  from  wrong.  Hiid 
apparently  never  rerti'cied  that  tiitre  is  no  error  whicii  may  not  do  gomi 
a(  times,  while  the  latter,  too  pniclical  for  tlic  Stoic  allegoriuitiuu  of 
mytfaa,  belicvedtnot  ouJy  in  ilrc.ims  and  oracles,  but  apparently  in 
many  foreign  ritfs  hlutHclf,  and  excused  many  other  superstitione 
because  tbey  satisAed  man's  religious  needs,  ('icero  held  that  faith 
in  deity  was  deeply  Implanted  In  all  men  and  was  taught  by  tlie 
beauty  and  wisdom  of  ilie  world,  and  that  u  pure  heart  was  the 
beet  worship,  and  that  whether  or  not  the  being  of  tlie  gods  could  be 
sclentlllcally  pn'Ved,  the  natural  n-Iiglon  must  be  strennusiy  uphold  aa 
thif  ditef  l»ond  nf  human  socii'ty.  Alter  the  republic  the  split  fietueen 
the  doctrines  of  philosophy  and'thc  old  Itomnn  luith  grew  wider  till  iho 
ancient  gods  lost  their  distinct  Individuality  In  the  p«'pular  conscious- 
ness atid  Iht^  orl«u:a)  monotheism  uf  a  denationalized  Christianity  re»td- 
Ity  absorbed  all  the  purer  and  better  elementa  of  moral  and  rellgloua 
culture  into  Itself. 

Nearly  half  of  the  first  volnroe  of  the  essays  Is  devoted  to  a  critic*! 
digest  of  the  TUblngeu  school  of  theology  of  which  Zeller  Is  by  far  the 
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ablest  and  most  philosophical  rind  perhaps  Its  most  moderate  Uvlng 
reprceotatlve.  The  middle,  half-orthodox  p»rty,  which  rested  upoo 
Hftcel  and  ScKlelermacher's  iitteiupt  to  reeoticilu  reason  and  fnlth,  and 
whu'h  iiev«r  hnd  any  lojtioal  busts,  was  broken  up  by  Straussi,  Baur  and 
Feuerbuch  and  all  it«  ainhitioii!)  and  domlueerliiK  or  weak  and  depend- 
ent members  betook  iIiemHelve^  to  the  coiifessionnl  hyper-orthodoxy 
which  was  then  favored  by  the  reactionary  German  courts,  und  church 
and  state  fell  largely  under  the  leiiderfibip  of  doguialic  fanatiuB  or  Ira- 
patieiit  hleraroh.').  Though  now  a  tidal  wave  of  reaction  lias  strongly 
net  in,  tlie  desolation  ttni^  wrought  in  the  head  and  heart  may  still  be 
»«en  in  the  fact  that,  while  other  hoienees  have  progrei»?ecl.  theology  has 
been  stationary  or  retrogressive  during  the  la!"!  half  century.  On  the 
one  hand  are  the  free  religionists  in  Ciennauy,  shallow,  tafiteless.  un- 
achoiarly,  without  thorougluiess  or  n»>th04i,  negative  nnd  eminently  un- 
progrQB«ive,and  on  the  other  ultra-orthodoxy  of  the  liengsteuberg  type 
«ver  elaborating  Its  uncritical  gospel  harmonies  or  an  nxegesU  of  the'pa* 
tristlc  type  whlcli  eun  put  any  meaning  into  or  oat  of  tiie  scripture  text, 
and  well  content  with  working  out  practical  unionlsiic  platform*  for  evan- 
gelical L'o-openitl<in  between  trivially  diverging  sects.  Both  are  alike 
un-u^ceptible.  he  says,  to  the  grejit  prcjtninjf  needs  of  sciuntifiu  the- 
ology, vl/.,  the  explanation  of  religion  itself  from  its  psychologic  and 
of  t'hrlstianlty  from  its  historical  grounds.  The  latter  problem  Is 
bv  no  meaus  fiually  solved  by  the  llibingen  school.  Baur,  its  cory- 
phacus,  held  that  the  last  result  of  the  critictsm  of  the  New  Testament 
and  other  early  Christian  writers  should  and  would  he  a  noble,  and  at 
the  same  timehhtoric-il  picture  of  .Tesui?  himself.  Thi^,  however,  so 
far  from  being  given  by  the  negative  residua)  methods  of  Straut^s, 
could  only  bo  reached  aft<»r  tht-  bias  of  ejicli  evangelist  and  npochry- 
phlsts.  the  authenticity  of  every  text,  as  well  as  its  hhtoricul  validity, 
and  every  personal,  dogmatic  or  philosophical  party  Inftuenee  of  the 
age  should  have  been  weighed  and  testefl.  It  was  to  ihU,  lu  some  sense 
preliminary  work,  which  Strauss,  by  de'troying  the  fonndatlou  of  dog- 
muiic  suiwrnatunilism,  made  possible,  that  Buur  mainly  devoted  himself; 
and  the  goal  which  inspired  lilm,  but  which  he  did  not  attain,  must  bo 
striven  for  and  reachetl  by  hi**  meiho*l  if  Christian  theology  is  to  main- 
tain a  respectable  position  in  the  mrM.Iern  intellectual  world.  Man's  de- 
eire  for  happiness  is  oppressed  by  a  sense  of  his  fiultude,  but  the  true 
relittiouB  cousciousue^e  reveils  a  higher  iind  compensating  happiness 
attained  by  the  culture  of  purity  of  morfit  disposlilon.  Man's  elevation 
through  the  religious  eousctousneRS  above  the  tlnUudc  of  his  unture, 
expressed  as  poverty  of  spirit,  humility,  simplicity,  unseltl^hness,  and 
the  Inwardness  and  absoluteness  of  religious  life  characterized  by  the 
doctrine  of  the  fatherhood  of  God,  something  like  this  Baur  thought 
would  be  ultimately  found  to  be  the  fundamental  idea  of  Jesus,  con- 
ceived with  intense  realistic  ethical  genius  and  made  a  pressing  aud 
practjcal  question  by  being  boUtty  nno  sagaciously  interpreted  as  the 
bottom  nieauing  of  a  coniiug  Mesianic  reconstruction  of  the  Jewish 
stale,  lo  his  earlier  JlegellaQ  period  Baur  regarded  rhrlstlunlty  us 
mainly  a  philosophical,  but  later  as  a  jjurely  moral  problem.  The  in- 
comparable Intluence  which  JesuB  started  in  history  consisted  not  so 
much  In  any  uoveUy  of  his  conceptions, — these  are  now  traced  to  earlier 
sources;  but  lu  the'  nobility  of  his  character;  the  force  and  purity  of 
his  personality  were  so  great  that  a  new  moral  and  religious  type  of  life 
was  inevitable.  He  loas  the  Mcssias  In  his  own  Inspiring  aeii^-e  and  not 
merely  claimed  to  be.  This,  as  every  such  conceptiou  uniat  now  be,  lu 
the  absence  of  reliable  or  detailed  historical  Information  respecting 
Jesus,  Is  as  yet  too  general  und  vague,  and  must  be.  on  the  one  hand  elab- 
orated by  a  sound  aud  vigorous  ethical  philosophy  Into  a  wealth  of  needed 
moral  power  too  long  unutilized,  (somewhat  as  PHeidener  has  since  at- 
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|91Dpted,  tilthough  the  ethlcfll  genias  of  a  FIchte  U  more  adequate  to 
■Bch  n  work  than  that  of  Baur.)  and  on  t>ie  other  it  luufit  he.  verified 
tnd  L-orr>;v-tc>(l  hy  a  dee|>er  and  stricter  uritico-historical  study  thun  even 
thMt  of  tht  TUblngen  school  has  made. 

One  of  Zeller'8  best  eswiyp  is  devoted  to  a  characterizRtion  of  hU 
teacher,  F.  C.  Baar,  who,  iu  his  uneventful  liome-PtayiDR  life,  hU  bIow- 
ly  ripening  nntare,  his  annizing  Indastry  and  perseverance.  In  phil<^ 
Sophie^  critical  tact  and  vlf^or,  lu  the  growing  Iiiiportauce  and  initiative 
power  of  his  work,  U  aptly  i-ouipare«  with  Kaut.  His  tempemte  mind 
conld  hold  an  Iraportnnt  qiie-ition  open  for  years.  Rifting  and  weighing 
evidence  with  piety  to  evtiry  !Hipg('fttiuu  of  fa*!t,  inid  po  honest  ami  nnima 
Candida,  50  without  hyper-self-consciousnes*  that  he  seemed  like  the 
noblest  of  the  old  reformers,  while  his  moral  sensitiveness  was  so  acute 
that  he  was  more  fi;ric'ved  by  lack  of  thoroughness  or  truthfulness  iu  the 
work  of  his  pupils  thau  by  the  bitterest  attacks  of  his  oppnueuts.  ITe 
lived  in  and  for  his  work",  but  could  always  preach  edlfyln^Iy  to  the 
Grf^l(/^,  ami  liis  nature  was  profouudly  reUglouA  and  pastoral.  His 
school,  which  has  revnlul ionized  rellgiou'!  ojiiulonH  lhrouKhi>uL  Germa- 
ny, Holland,  Swltzcrlaud  and  eveu  in  protcstant  Frutice,  and  has  found 
niAiiT  points  of  access  even  to  English  and  American  thought,  is  uullke 
the  nberalism  of  deists,  eocyclopwiiitls,  etc.,  Schiller,  Strauss  and  Feuep- 
tnurh,  In  that  it  was  founded  by  professional  theologians  and  by  men  of 
deep  personal  piety.  It  Hhuply  drew  coucluslous  which  hovert-d  in  the 
intellectual  air  and  which  every  one  who  tliought  logically  mui*t  Infer. 
It  showed  the  tluic  Its  own  images  and  iu  urging  that  the  New 'J'esta- 
roent  was  not  iturc  hiptory  and  not  sujiernatiiral  it  only  applied  the  crit- 
ical methods  which  hail  almost  revolutionized  our  knowledge  of  anti- 
quity and  its  literature.  Every  one  has  smiled  over  the  forcing,  tortur- 
ing and  tasteless  methods  of  the  old  Ciermau  rationalism  which  ex- 
plained  away  the  miracle  of  Cana  as  a  wedding  jest,  the  fiery  tongues  of 
pcnt«cost  as' electricity,  the  repurrection  of  Je-«uR  as  recovering  from  a 
irance,  and  declared  that  I'liut  at  his  conversion  was  blitided  by  light- 
ning and  was  cured  by  the  natural  cflcct  of  (he  shock  of  an  old  man's 
handn,  that  the  fetters  were  (*bakeu  frum  the  bands  of  Paul  and  Silas  in 
prison  by  an  earthquake,  that  Jesus,  though  seeming  to  walk,  on  the 
water,  really  walked  at  its  «dge  on  the  shore,  etc. ;  in  short,  that  orien- 
tal imagery  and  the  reference  of  mediate  natural  processes  hnmcdlately 
to  God,  which,  though  the  exorcising  supernatural,  makes  scripture  none 
the  less  credible,  but  in  an  altered  sense,  even  this  had  its  eflfect  upon 
the  then  current  method  of  orthodox  interpretation  because  It  was  no 
lesJi  tortuous  and  tasteless,  as  is  perhaps  best  seen  in  the  church  history 
of  Xeander.  who,  without  abandoning  a  single  miracle  or  wavering  on 
the  doctrine  of  lusplratiou,  which  makes  alt  Bible  criticism  Impo^iitble, 
yet  loves  to  break  off  the  points  of  the  strougcst  miracles  and  i*  con- 
stantly conceding  to  the  ratiouallstlc  methods,  and  capitulating  to  the 
ZtU-iieitty  Bruno  tlaur,  who  has  since  declared  the  Tdbingen  school  too 
conservative  and  apologetic,  and  been  removed  from  his  professorship, 
and  who  di'duceil  Messiahahlp,  resurrection  and  other  evangelical  mo- 
Wwj  from  abstract  dialectic  principles  Ignoring  or  deuylng  the  existence 
of  an  historic  .Tesus.  Marheluike,  who  made  Bible  texts  Into  many- 
tided  scholastic  formulae,  and  G^ischel,  who  all  but  identified  philoso- 
phy and  scripture,  were  alike  unable  to  see  the  necessity  or  accept  the 
results  of  such  minute  and  painstaking  resean'hes  as  those  of  Baur. 

First  of  all  it  muHt  be  borne  iu  mind  thai  ttie  sense  of  literary  pro- 
perty during  the  early  Christian  centuries  was  as  undeveloped  as  any 
socialist  could  desire-  i*Iato  and  Xenophanes  put  their  sentences  into 
the  mouth  of  Socrates,  [perhaps  somewhat  as  a  modern  theologian 
states  the  (me  BibU  doctrine^  although  lu  quite  other  than  scrlptnal 
terouj.    To  present  or  develop  the  views  of  another,  to  win  attention, 
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to  produoc  Immediate  cflVct,  to  seek  ^helcur  from  criticism  behind  a 
l^reat  uHme,  jMirsonsl  niodi^Hty,  piety  to  a  beloved  teacher  to  wliora  uow 
a  days  a  voluine  would  be  dedicated— ull  these  motWes  of  apoebryphal 
fabricKtIoa  were  ad  eoiamon  that  a  moralist  mast  be  as  nafr«  aud  devoid 
of  liigtorlc  Heose  to  raise  the  scruples  of  a  modern  conROieoce  here^  as 
to  apply  the  laws  agaiiiKt  KteHl'm^  iu  a  modern  sutiute  book  to  the  coa- 
stUutlon  of  Sparta.  The  well  pn>reu  ca$e«  of  peeudooymous  authorship 
ui  auclent  times,  many  of  which  Zeller  la«tanei'3  are,  extremely  tiumer- 
ous.  Baur's  coiiciiision  lh:it  the  gospels  and  the  ercater  number  of  the 
epWtles  arc  unauthentic,  of  later  orlf^in  and  muiiily  records  of  violent 
piirtisan  controverflles  which  rent  the  earlier  Chrlstlnu  parry  from  Its ' 
beg^inniagt  opens  the  mo:(t  intereatluf;  and  ulanslc  of  all  ancient  titora- 
ture  to  the  use  scholars,  etevuteii  of  and  frees  the  InteUectual  life  of  the 
age,  to  a  degree  to  wliich  only  the  work  of  ruoderii  science  cau  be  la  any 
degree  compared.  It  was  IiIj?"  Hpt^cial  end"avor  to  discover  the  bias  or 
tendencies  of  the  early  Christian  writers.  In  an  age  when  men  believed 
what  pleaded,  Intert'Sted,  or  edifted  them,  whether  that  Homer  argued 
for  tlie  Jewish  snbbath,  that  Orpheus  sang  of  .Vbraham,  Moves  and  the 
ten  coinmaudnicuts,  or  that  an  old  or  hardened  heathen  was  converted 
by  a  relic  stealthily  laid  under  hU  pillow  by  night.  In  ehllla«m,  or  that 
new  records  of  the  life  of  Jesus  written  by  apostles  were  suddenly  dla- 
covered  at  opportune  polemic  mouients,  and  when  crcdeiitinU  and  criti- 
cism were  all  but  unknown,  the  chief  task  of  the  historian  U  to  seek 
and  detlne  the  tides  of  party  feeling  and  prejudlee^,  the  currents  of 
men's  wishes,  anihiilons  and  hop»?s,  and  occasionally  political  relations 
and  the  ground  traits  of  Individual  characu^r.  These  with  traditions 
and  sagas  as  material  for  a  mythopoeic  fantasy  iu  a  moat  agitated,  age 
of  |>ersccutlon  and  mlllenial  expectations  must  be  contmlUA  before  ob- 
jective history  can  be  reconetnicted. 

It  was  hard  for  the  personal  dif^ciples  of  Jesus  and  the  Eblontte  party 
gathered  about  thcni  to  uphold  his  tenets  agaln?>t  the  dominant  Phar- 
asaic  sect  after  their  leader  had  l>eeii  <ixecute<l  as  a  seditious  agitator, 
but  it  was  still  harder  for  them  to  see  Paul,  who  had  never  known  Josoa 
personally,  so  successfully  propagating  his  teachings,  as  not  only  inde- 
pendent of,  but  'actually  Irreconcilable  with  Judaism,  among  Gentile 
races  and  even  declaring  that  by  it  Jews  were  freed  from  their  own 
laws.  The  conservative  wing  of  the  early  Christian  party,  which  held 
that  Jesus  could  be  tlie  Messiah  of  the  Jews  only,  and  that  the 
mosaic  rites  and  laws  were  still  binding  as  a  propfedeutlc  of  Chrlstlan- 
iLy,  reganled  I'aul  as  an  Interloper  who  really  designed  to  use  the  large 
collections  he  was  making  ostetii^ibly  for  the  churcTi  at  Home  to  buy  the 
gift  of  apostle^hlp.  He  is  again  even  described  as  a  conjurer  who  rep- 
resented himself  inspired  tiirPeter  exposed  him.  To  deflno  and  defend 
his  univeroalifltlc  view,  viz.,  that  Chrii^tlauity  simply  set  men  In  right 
relations  to  Ood,  Paul  composed  the  letters  to  the  Oalatlans,  the 
Corinthians  and  especially  that  to  the  promising  and  hitherto  neutral 
church  at  Rome.  Meanwhile  hard  pressed  ana  perplexed  by  the  vaat 
discrepancy  between  the  actuul  low-born  Jccu?  and  the  epleudors  of  the 
Hedsiaolc  kingdom  of  popular  and  patriotic  hopes,  the  disciples  bad 
come  to  expect  that  he  wmttd  appear  again — a»  event  by  no  me&na 
unparalleled  In  Jewish  story  and  inaugurate  a  now  kingdom  of  Inde- 
scribable magnlllcence.  Nero,  the  auti-Chrlst  too.  It  was  rumored  was 
not  dead  but  had  escaped  and  would  come  again  with  oriental  armies, 
and  new  wars  and  persecutions  would  most  severely  test  the  fidelity  of 
the  faithful.  I u  this  comiition  of  things  the  book  of  revelatlom*  was 
written  by  John  as  a  manifesto  before  its  decisive  struggle  after  which 
the  mlllenial  new  Jerusalem,  with  Jesus  as  king,  would  fill  the  earth. 
Thus  read  it  Is  no  longer  a  puzzllsg  riddle-book,  but  moitt  historical  and 
authentic,  in  fact  the  only  book  In  the  New  Testament  written  by  a 
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ftposCl&-di«eiple.  Thp  old  InrAclttc  oxpectatlons  are  all  to  be  fulfilled  In 
the  Wfindcr  world  of  tho  re-api>p.irlng  Mp:*!*I«Ii.  Thope  who  claim  to  be 
mposttea  but  are  not,  together  with  the  tinted  doctiinejt  of  the  Nlcolat- 
tansa — bitter  alluslou^  to  Paul  and  hU  reaL-hlnfrf> — '^re  to  have  noplace 
Id  tbe  new  the<x'raoy,  with  tte  wiilU  of  Jn^per,  Itn  fttreets  of  j^old  and  its 
tree  of  life.  Thus  too  tlie  most  pliuntiiPniBjcorial  dream  of  Jewish 
patrlotlRm  U  (lueeeiisfiilly  u*ed  to  pave  the  forlorn  hope  of  a  leaderless 
and  loplnjf  chuso.  The  controversy  between  the  Pauline  and  tbe  Jew- 
ish Cbrl»ti!iDfl  w^as  long  und  bitter,  and  colors,  if  it  did  Inflptre,  moiit  of 
the  bookf>  of  the  new  tcetameut.  The  twflve  apoAtles  are  pfirnlleled, 
by  tbe  seventy  co-workers  of  Paul.  The  Petrine  parly  elaborated  the 
Samaritan,  Judean,  the  Pauline,  the  Gallkan  activity  of  Jegus.  Peter 
U  even  represented  a»  the  founder  of  the  first  heathen  church  at  Antl- 
och,  and  1«  made  to  go  to  Rome  because  Paul  had  been  there.  Jamea 
repudiates  Puul's  doctrine  of  jufitiflcatlon  by  faith,  urge**  that  even 
devils  may  believe,  and  represents  Ji*flup,  porhap?  Ida  brother^  at?  an 
aacetic  E^senc  with  long  hair,  aud  a»  abstaining  from  flesh  uud  wine. 
In  a  word,  Paullnlsro,  which  dispensed  with  oflerlug?  and  with  trircuni- 
ciaionf  and  denied  that  the  only  way  to  the  new  f.Hith  was  through  Juda- 
ism, 4tandft  for  the  freedom  of  wisdom  and  mauire  manhood  while  the 
Jewli<h  Chrifttlaus  argued  for  a  fitatun  and  mora!  reg:imen  of  adolescence. 
Meanwhile  both  p;irtiep  were  persoeutci  alike,  bolli  wcri*  repreaented 
in  nearly  every  church,  practical,  administrative,  unity  became  more 
essential  as  the  church  began  its  Immcni^e  organization,  while  old  pn»- 
aions  and  prejudice!^  only  faintly  survived  in  a  new  generation.  In  llie 
second  century  a  concilliitory  desire  to  («ave  the  effects  of  the  work  of 
both  wings  is  manifest  by  accomraodniing,  and  often  even  transforming 
their  defciructive  tenets,  lliue  Acta  written  in  the  second  century  and 
bawd  perhaps  on  notesof  Paal's  traveling  companion,  and  Luke,  though 
both  written  with  unmistakable  Paullue  drift  are  very  eoncHiatory, 
ColoRflians  eudis  with  conipllmeutarv  mention  of  a  tli^t  of  Petrlnc 
wortides,  while  like  Kphesiao'*  it«  Pauliniiitm  is  very  tempered,  'fhe 
first  epi!>tle  of  Peter  makes  aurprhing  cnncewions  to  PauUnlsm.  On 
the  one  hand  it  was  apparently  granted  that  Paul  was  too  intricate  and 
Bpecnlative,  and  that  faith  atone  was  not  enough  for  salvation  and  on 
toe  other  It  was  necessarily  acknowledged  that  the  wall  of  partition, 
between  Jews  and  Gentiles  was  broken  down  In  fact,  and  the  vast  num* 
ber  of  non-Jewlah  ('hrlstlaus  were  taken  into  fellowship.  Thenceforth 
all  traces  of  primitive  discord  were  carefully  scoretl  away,  and  the 
aDergtes  of  the  church  wore  free  for  the  work  of  practical  and  dogmatiu 
development  and  dt-lense.  As  the  church  grew,  all  parties  united  to 
elevate  tbe  conception  of  the  person  of  Christ  still  higher,  a  convenient 
point  for  dogmatic  unity  in  zeal  for  which  old  dlFcords  might  be  for- 
gotten,  until  at  last  even  the  Sles&lah  Idea  with  which  It  had  become 
Hleutined  hi  the  tlr'^t  century  was  not  exalted  enough  for  the  head  of  a 
church  that  had  its  (Stronghold  in  the  capital  city  of  the  world,  and  was 
declined  to  become  unlvcrjial,  and  of  a  hierarchy  fo  rapidly  growing  In 
Influence  and  self-conscious  dignity.  The  son  of  David  gradually  b^ 
came  with  the  growing  influence  oC  the  altra-PauUue  Gentile  element 
and  the  Alexandrian  gnostic-philosophy  not  merely  the  heavenlv  pneu- 
matic man,  the  new  Adam,  but  the  pre-exlstent,  *cr»*atlve  Word.  The 
giupe]  of  John,  (A.  D.  170-1810  which  is  not  historical,  but  represents 
tbe  maturest  and  bent  points  nf  the  work  and  teaching  of  Christianity  ap 
to  the  period  of  its  composition,  which  quietly  appropriates  the  service- 
able elements  of  the  dangerous  here»)les  nf  gnosticli^nt  and  montanism, 
and  shows  no  trace  of  helrarchUm  in  the  chun?h,  marks  the  point  where 
the  history  of  primitive  Christianity  ends  and  that  of  cathoUcUm  begins. 
llie  charm  of  the  Jolmnncau  Image  of  Jesus,  bo  pure,  so  exalted  and 
tlmoAl  (emlnluely  delicate,  so  harmonious  that  his  inward  peace  was 
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uadlsturbed  by  coofllct  and  sorrow,  and  90  fre«  froDi  all  eartlily  Umita- 
tioDB  U  onprcceilented  iitnon^  hU  Ideal  personalities  hitherto  offered  to 
hiiniaa  contemplation.  The  Johnunean  gospel  not  only  reconstructed 
the  previous  (.'hrUtlau  history  from  its  new  and  txanquil  stand-point,  but 
reprei^enCB  the  hlj^he^t  theologli-al  development  of  the  first  period  of 
Christian  history. 

In  an  osaay  entitled  Greftk  and  Roman  Prejudices  agalndt  Chrlsfc- 
ianity.  teller  show?  that  whllo  the  reign  of  Alexander  and  the 
Roman  Empire  had  prepared  the  way  for  the  outward  spread  of 
Chrij>ttaiiity,  the  popular  Stole  phlloBopby,  which  tatiKlit  that  all  men 
were  brothers  with  equal  rlf^fata  uud  duties,  and  subject  to  the  same 
moral  law.  which  instead  of  faith  made  ethical  temper  the  saving prin* 
cipic  and  divided  nianktiid  Into  two  great  clanfict),  the  foola  and  the  wise, 
instead  of  the  redeemed  and  tlie  lost,  and  which  longed  for  the"  birth- 
day of  eternity, "'  an  entrance  Into  the  ''great  etermu  peace,"  prepared 
the  meouil  soil  for  the  reception  of  Christian  doctHue.  The  popular 
heathen  notion  was  that  the  Christians,  if  not  all  Syrian  barbaria-ns, 
were  yet  atheists,  criminals,  who  perhaps  cooked  and  ate  children,  prayed 
to  a  God  with  an  afis'  head,  were  the  worat  and  most  unpatriotic  cittzeoe, 
And  in  fact  enemies  of  the  human  race,  so  that  Nero  found  no  di^ncalty 
in  circulating  the  report  that  it  was  they  who  had  fired  liome.  Pliny 
thought  their  creed  in  ittielf  a  barmlesi  auperstition,  but  believed  their 
Btilf-i.eckcdnetis  in  refusing  to  adore  Images  of  the  Gods  and  the  Emper- 
or, and  in  violating  the  laws  against  malting  proselytes  should  be 
punched,  'llie  mild  M.  Aureleus  persecuted  thnm  t>eeauae  he  deemed 
the  perllnuolty  of  their  creed, — so  unlike  hi;*  all  ttided  toleration  and  un- 
critical eclecticism,  dangerous  to  the  diclpline  of  the  state.  Luciau  said 
the  sect  was  composed  of  pitiable  and  deluded  dUclplea  of  an  arch  soph- 
ist. The  platouic  Celsus  argued  that  Jesus  had  stolen  and  disturbed 
pbilosopliie  doctrines  which  he  could  not  understand,  was  of  dishonor- 
able birth,  and  a  conjurer.  Greek  joyousaess  and  Roman  pride  tmd  only 
contempt  for  n  religion  designed  for  the  sorrowing,  oppressed,  weak 
and  guilty.  The  NeoptatonUts  revered  Jesus,  but  one  inquired  lllce 
Kohnarus,'  why,  if  salvation  was  through  him,  he  appeared  so  late, 
and  urged  that  if  Peter  and  Paul  could  disagree  about  fundamental 
tenets  his  doctrine  must  be  very  uncertain,  another  thought  Jesus  did 
too  few  miracles  to  be  really  a  gwl  and  prove<l  that  ApolloniuB  did  far 
more,  while  Julian,  believing  it  was  impossible  for  all  men  to  have  the 
same  religion,  argued  that  all  noble  men  and  great  deeds  in  the  world 
had  come  from  heathendom  and  forbade  chrlfitians  to  teacl)  tlte  ancient 
literature. 

In  the  saga  of  Peter  as  Itoman  itlshop  the  ultra  ebloulte  view  of  Paul, 
which  described  him  under  the  name  of  Hinion  the  gnostic  Samaritan 
sorcerer,  who,  after  he  had  been  exposed  by  Peter  In  Palestine  came  to 
Rome,  where,  by  his  arts  and  by  the  aid  of  demons,  he  had  won  great 
honors  and  many  fullowerTi,  is  the  ground  motive.  Later  when  Romish 
canonists  sought  to  derive  the  power  of  the  iK>pe8  directly  ihroogh 
Peter  it  Is  saicf  that  the  latter  followed  Simon  to  Rome.  The  Jewish 
legend  dislionored  Paul  whom  the  catholic  party  would  honor,  lience 
he  Ia  now  distinguished  from  his  double  and  made  to  loin  Peter 
in  opposing  Simon,  and  both  Paul  and  Peter  it  was  said  dlea  In  Home. 
Later  Peter  alone  Is  made  the  flrat  Bishop  of  Rome  and  thus  the  great- 
est work  of  Paul's  life  is  accredited  to  the  hostile  apostle  of  the  circum- 
cision. 

Much  importance  is  ascribed  to  Schwegler's  work  on  Montanism  and 
the  Post-Hpoetollc  age  wherein  it  is  coacinded  that  Christlanitr  assumed 
at  first  to  be  nothing  but  a  more  complete  form  of  easealc  Judaism,  and 
that  the  autonomy  and  universality  which  Paul  attempted  to  give 
it,  transformed  and  dejudalzed  it  mateiially  less  than  had  been  gener- 
ally supposed. 


PSYCHOLOGICAL  LITERATUBE. 


169 


In  the  Plfttonic  republtt*  Zeller  sees  uot  only  n  slfcaiflcftnt  Ideal  and 
prophecy  Impoxfllblu  of  redli/Jition,  dftspite  p]Hto*fl  unrenervcd  belief  la 
it,  nud  Dot  uiily  h  proiliu't  of  t)ut  tiiiic,  wlion,  Hrt(>r  the  I'ellopdUDeslan 
wnr,  lh«'djtu«:erH  f>(  iudivUluulism,  tilt' grefd  of  riches  and  party  strife 
scvmcd  Co  bUow  that  men  could  uoc  be  trusted  with  their  own  develop- 
lurut,  but  eepecliilly  n  type  of  .Hoclety  wliioh  has  been  no  lettn  than  a 
jC^rni  for  the  org.iuizutiou  of  the  mediaeval  cliureh.  Instead  of  the 
phllofiophera  who  were  to  ruli;  absolutoly  in  the  Platouie  repiiblie,  are 
tlie  prieata,  iuKteadof  ilie  warrior  ca^t,  tlit*  tenijioral  i>owera,  instead  of 
couiuiunlty  of  goods  which  was  an  eiirly  ClirlHtiun  ideal  voluntarr  pov- 
erty of  ^oods  or  of  spirit  and  the  mendicant  orders.  CouimuuUy  of 
wive*,  whieli  was  recnnun^inded  to  refltrain  not  to  satisfy  desire,  ia  par- 
alleled by  celibacy  that  monks  may  live  all  for  the  church.  Uoih  the 
Idea)  ■.nii  the  uctuull/ed  ftj'fttem  roDt  upou  ethical  dualism  and  teach 
that  Kufleriiifr  here  will  be  eompenftatcd  iti  a  Tuttire  life  and  botli  assert 
a  divine  leHdership  of  the  state.  The  re|mblk\  like  the  kingdom  of  God, 
la  an  inatllutiou  for  training  moo  In  virtue.  'I'he  church  nn  the  other 
hand  does  not  so  ahsolutely  ^ubordiiinte  the  Individual  to  the  commu* 
nlly  and  the  spirit  of  anlverfial  fraternity  is  widely  contrasted  with  the 
caatB  and  the  national  cxi-lusivenex^  of  the  republic.  While  I'lmto 
would  cla»9  modern  theology,  ho  far  ai«  it  dues  not  coincide  with  philufr- 
opby  as  mythology,  and  would  be  able  to  find  In  modern  uaivcrsltlea  do 
suitable  phiiosophcrs  for  rulers,  and  woulit  bo  incemied  at  the  modern 
political  romances^  wherein  private  Interest  Is  satisfied  instead  of  aont- 
Itllated,  Ite  must  nevertheless  be  counted  as  one  of  the  most  important 
predecessors  of  organised  (Uiristianity.  Much  Kpaee  is  devoted  to  show 
that  this  was  uot  the  result  of  mere  analogy  but  was^  history  and  that 
Plato'?  conception,  at  first  too  spiritualistic  to  t>e  popular,  had  passed 
Into  the  general  cultun?  of  tlie  day. 

This  matured  and  moderated  digest  of  the  Ttlblngen  school  so  briefly 
and  impcrt'ctly  ej^ltomlzed  and  digested  above,  records,  we  believe, 
the  most  important  achii-vemerit  of  the  historic  critical  method.  It 
affords  the  general  terms  of  a  fuggentive  and  Hifying  solution  of  the 
mO'^t  intricate  and  hUo  the  most  obscured  of  alt  historical  problems,— 
a  problem  not  of  one  sect  and  race  or  century,  but  of  commiugled  na- 
tioualities  of  contending  political  and  philosophical,  religious,  piLTtlsan 
and  |KT«oual  interests.  The  facts  were  so  inaccessible  and  so  meta- 
morphosed In  this  long  conlt^st,  that  only  the  most  patient  and  conscl- 
eutit)U«<  research  coupled  with  amazing  psychologic  In^dght  and  i^act 
was  Hble  to  reconstruct  thnni  at  last  after  ages  of  intseonception,  with 
to  high  a  degr(*e  of  verlr<lniilitude  tliat  the  most  distinguished  of  Ito- 
man  nistorlans,  whose  e^.^entiul  Impartiality  cannot  be  denied,  declared. 
that  several  years  ago  no  Cennun  scholar  under  forty-flve  had  thorough- 
Iv  studied  the  Tubingen  writers  without  t^ing  in  the  main  convinced  by 
tliem.  There  will  long  be  many  to  fear  that  moral  restraluts  may  m 
practically  weakened  If  scripture  is  proven  uninspired  in  the  old  wnae, 
or  if  miracles  are  disalloweil,  just  as  Che  Empen>r  Julian  feared  that 
classical  literature  would  bo  ignored  and  perhaps  lost  If  faith  in  the 
aacleot  Kods  was  destroyed.  This  is,  without  doubt,  sometimes  the  ease 
among  the  young  and  the  undl^crlmluatlng.  But  on  the  other  hand  it 
is  only  thus  now  made  posalble  for  men  of  thorough  modern  culture  and 
morarself-respect  to  call  themselves  ( ■hriatiaus  If  they  will,  and  to  be  so 
In  mind  and  h'*art  In  a  sense  deeper  and  larger  than  many  couyenttoaal 
churchmen  comprehend,  and  even  If  they  see  fit  and  hopeful  oooaalon, 
to  urge  friendly  even  though  ndscunstrucd  aid  in  ameliorating  the  nar- 
row severity  la  faith  and  life,  and  In  sustaining  and  reforming  chureb 
orf^aalzatlon,  as  a  right  by  no  means  invalidated  by  stricter  modern 
deflaltlonsof  the  ('hrlsiian  r.ame  but  rUher  new  vest^  by  the  supreme 
sanction  of  a  positive  and  adult  moral  uoderstUQdlog.    Hyth  la  a  deeper 
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and  broader  expreaslou  of  huni»Dity*s  commou  nature  and  needs  than 
reaiion  itmelf  Itaa  yet  attained.  It  Ih  never  the  uttnranoc  of  the  mere  in- 
dividual, but  is  the  /opoa,  OP  over*8oul  of  the  half-uiicouscious  moral 
instinct  of  a  race  or  an  aee.     It  U  never  bound  too  cloxtflj  to  details  of 

f>lacc  or  time.  Those  only  hinder  orcrnharasB  Ita  rare  and  -tranjfe  mov- 
uf^  ami  eilif yititr  power.  In  lti«  nob)e«t  Rcrlpturnl  furni, — Itlhlitrni  In  the 
classic  sense  wherever  found— it  conies  njO(*t  clearly  and  directly  home 
to  the  Oemuth^  takes  nieu  out  of  their  own  setfltth  pernoDal  Uvea,  and 
raises,  pnriflt>s  and  brtmden!*  their  motives  and  feelinf^s  and  purposes,  as 
nothing  else  does.  IIuw  to  miil^e  it  most  ellectlve  for  good  Is  a  probleni 
which  hnviilftic  art  has  perhaps  not  ret  finally  solved. 

The  ''Tiibingeu  men"  lu  Germany  hnvv  grown  now  Inactive  and  rct- 
rosp^'ctlve,  and  pven  Zeller  is  somewhat  prolix  anil  himstfnl  in  his  re- 
capitulationg,  and  yet  not  only  Is*  their  critical  work  Incomplete,  but  its 
practical  deductions,  (the  last  consideration  of  a  German  savant)  be- 
cause left  to  be  drawa  In  a  negative,  popular  and  superficial  way,  have 
been  often  sadly  Injurlons  Instead  of  most  helpful  iie  they  should  be  to 
the  cause  of  religion  and  morality,  and  the  German  capital  has  grown 
perhapn  more  unconscious  of  the 'eilntence  of  religion  and  Us  instltu* 
tioHR  than  any  city  in  ('lirlfttendoiu.  Far  from  assenting  to  any  ultra 
theories  as  €.  g.  that  of  Kolhe— that  the  modern  atate  more  than  the 
church  expreases  the  essence  of  Christianity, — we  cannot  deny  that  the 
latter  has  gmwn  far  too  consub^tjintial  with  our  social,  moral,  lutellec- 
tnal  and  .esthetic  life  and  development  to  be  eradicated  by  any  violence, 
or  even  to  be  intellectually  distinguished  and  traced  througli  all  the 
long  and  subtle  associations,  by  which  it  has  become  ingrained  iu  our 
Inmost  psychic  character,  Hy  biding  proven  the  oldest  of  all  historic 
C-ategorios,  and  root^-d  In  the  <'iLrHfSt  written  rci'ords,  inat**ad  of  a  super- 
natural graft  upon  an  uld  and  decaying  trunk,  it  challenges  the  rever- 
ence of  science  itself  as  the  most  important  problem  of  popular  (  Vulker) 
psychology,  by  contributing  to  the  experimeutHl  solution  of  which  all 
kuown  civilized  races  and  agefl  have  become  In  a  noble  idillosopbic  sense 
organically  united.  A»  the  mmlfrn  musical  iscule,  and  the  masterpieces 
composed  in  it  are  not  endangerwl  by  the  proof  of  its  mathematical  In- 
accuracy, its  rude  emiiirkal  origin,  or  by  the  suggePtion*  of  improve- 
ment, as  the  modern  slate  is  not  lost  to  ^ocialliiiu  by  the  di'mouHtratioD 
that  all  valuer  originated  In  the  ten  flngrrs  of  the  working  man,  or  that 
the  rights  of  beiiuest  and  of  absolute  private  ownership  are,  so  to  speak, 
recent  habits,  resting  upon  a  series  of  accidents  and  ndscnuceptions,  so 
the  Oiriwtlan  churi-h  Ix  by  no  means  esseutlally  or  permanently  weak- 
ened by  being  compelled  to  relinquish  its  belief  in  miracles,  Inspiration 
and  an  Incarnate  deity  for  more  historical  conceptions  of  Hn  origin.  It 
is  only  another  reformation  that  impend^*,  as  radical,  possibly,  to  the 
more  assumptive  and  unreasoning  of  modern  Pharisees  as  was  the  new 
dispongatloD  of  Jesus  Itself,  but  only  salutary  to  every  true  religious 
interest. 

A  brief  notice  of  some  of  Zellcr's  less  important  essays  will  perhaps 
convey  a  better  Idea  of  the  range  and  miuutcuess  of  hlsleamlng  and  of 
the  acuteuess  of  hts  crltk-al  power.  In  his  defence  of  Xanthippe  he  re- 
minds us  that  the  young  wife  of  an  old  man  who  could  humorously 
boast  of  the  advantage  of  ugliness  like  his  over  the  classic  Greek  type 
of  beauty,  that  the  bridge  of  liifl  nose  was  low,  that  with  oneof  his  prom- 
inent eyes  he  could  look  directly  into  the  other,  his  moutli  so  large  that 
he  could  save  much  time  by  eating  faster  ihan  others,  and  his  lips  so 
thick  and  soft  that  he  could  give  and  receive  the  sweetest  kisses,  and 
whose  ponderous  body  was  the  type  of  Sllenus,  might  be  excused  for 
not  being  proud  of  the  most  monstrous  among  all  the  handsome  Greeks 
for  a  husband.  Moreover  he  would  seek  no  ofUce^  lounged  all  day  on 
the  streets  and  m  the  public  marta  talking  with  tailor,  shoemaker  and 
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evMi  heterai  about  the  dialectic  conception  of  thpir  profession,  and  al- 
tfaougb  so  poor  that  wife  and  husband  bad  but  one  outer  garment  be* 
tween  tbein  00  that  one  niuflt  tutay  at  home  whea  tbe  other  was  out^ 
woald  somvllmcB  stand  all  day  in  one  spot  lost  in  revery,  ridiculed  by 
boyft  and  comedians,  and  at  last  coEue  hom^,  old  and  fat  a:*  he  wnHy  to 
pracilce  A  dant-ltij;  le^i-oii  for  uhli-h,  pt!rlui{p>4,  lie  Itnd  pjtiti  UU  laat hr.llrr. 
Mori^over  the  i^uspiclon  Umt  he  had  iiiurruil  her  h^  a  diociplloe  In  pa- 
tieDoe  would  hanlly  liave  been  delicate  and  flattering  to  a  wonian*e 
uature.  When  hIic  eaine  oobblng  with  a  child  In  her  arms  to  Bee  him  for 
the  lut  time  In  prison  before  the  fatal  draught  of  hemlock,  and  severely 
looking  at  her  he  ordered  Krito  to  take  her  home,  and  when  she  had 
been  r«-mo?ed  Pcreamlug,  he  calmly  htgim  a  philnpophlc dUcourst;.  Pos- 
sibly Xanthippe  threw  dirty  water  upon  Iiirn,  atl«'m[)Led  to  tear  off  his 
gumcats  In  the  market  place,  overthrew  hi^  table  ant!  trod  upon  a  cahe 
Uialhad  juiit  Iteen  Aeiit  in^  no  one  knows  fmni  whom,  and  perhaps  Soc- 
ormtm  coDSoled  himttelf   that  Rhe  never  kicked  or  bit  him,  but  more 

[irobably  these  are  unsalted  Inventions  of  lively  (ireck  go^fiipa  or  chron- 
clee  to  make  the  mime  of  Socrates  brighter  by  contrast.  She  was 
Krobably  no  worae  thiin  many  a  modern  w^oman  would  have  been  with 
e.r  provocation. 

Very  readable  is  hi!<  t-harairterlzatioii  of  Alexander  the  PaphlagoniaD 
ImpOittcr  and  Peregriuus  the  enthuniast.  The  former  was  famous  for 
hla  beauty,  and  lived  In  the  time  of  Trajan.  PlaniiUig  to  found  a  new 
oracle  at  AboiiutcichaB,  he  burled  and  eauued  to  he  founds  brazeu  tab- 
lets anoouuclng  that  Askuleplos  and  hU  father  Apollo  were  about  to  re- 
move tldther,  CHUiud  ic  to  be  announi-ed  that  he  wau  the  grandson  of 
the  former,  anil  later  appeared  himself  in  purpU^  with  the  sword  of  Per- 
aeua  in  a  feigned  exHtai-y  and  wiih  artlticlnl  foam  flowing  from  hla  mouth. 
ThrowHng  Hsiiie  all  hU  ganiientfl  h*- (Showed  the  s«fM>rnTjled  ninltUude  a 
young  t'erpent  in  a  brnkon  egg  ghell.  iind  a  few  days  later  an  ImmeDse 
arthlclal  i-uake  with  a  hun)un  face,  with  eyes  and  mouth  worked  by  In- 
vUible  hair^,  which  he  declared  had  ffrown  from  the  little  one  and  was 
a  new  God,  Klycotii,  and  fri»m  whom  he  would  receive  dlvloe  mesaages. 
Sealed  letterst  wf^rn  ni'nt,  and  if  they  could  be  opened  and  itealed  without 
Jtaoplciou  were  returned  wllh  anf-w'ers  written  beneath  every  question. 
He  hired  a  chtijiif  in  dititant  cities  and  llnally  In  Home  who  reported  the 
most  ascoDlfihiug  miracles— hidden  treasures  imd  thieves  dUcovered,  the 
^U-k  hciiled  and  even  the  dead  raised.  MesBengers  were  bribed,  dllllcuU 
que»tion»  geuerouily  refen-ed  to  the  priests  of  other  oracles,  uutll  at 
Isitt  Uutlllnus,  a  roan  of  high  standing  in  the  Koman  court,  like  another 
KollDFf,  fell  completely  Into  hix  net,  and  he  became  the  faHhlon  in  the 
imperial  city  to  which  he  graclouitly  offered  his  protection  ugnlnst  pest, 
cooflagrstion  aud  earthguakc.  He  became  Immensely  rich  and  made  It 
dangerous  for  rationitliHtlc  epK-ureans  or  for  Chri'^tmns  to  attempt  to 
expose  him,  and  died  at  the  age  of  seventy  with  undiminished  fume. 
Peregrlnutt  of  l^ii/ium  gave  hln  fortune  to  hifl  towmtmen  and  traveled  in 
the  oa*t  whi-re  he  learneil  the  "  rare  wisdom  "  of  the  (.'hrUtlaus  who,  It 
was  said  made  him  a  bithop.  Later  be  ap|teared  in  liomc  as  acynlc% 
anathematl/log  hII  the  worid,  and  especially  the  Komau  cm|>ei'or  Auto- 
olus  Pius  who  banirtlml  liiin  from  the  elty  limits,  beyond  which  he 
lived  in  a  hut  and  iiltracted  many  yuuog  men  by  bU  philosophical  dis- 
courses, lie  afW'rwardfl  went  to  (Jreoee,  and  when  no  one  took  further 
noiic**  or  him,  announreil  at  the  end  of  the  Olympic  gameH  that  at  the 
end  of  the  next  festival  lie  would  bum  himself  alive.  When  the  time 
(Wine  he  ha<l  an  immense  pile  erected,  made  a  long  harangue  to  the  cu- 
rious crowd,  enumerating  all  the  privations  and  sufleringH  which  he  had 
borne  in  the  ser\iee  of  philosophy,  declared  he  would  die,  like  Heraeles, 
to  teach  men  to  dlspUe  ileaih-  A?,  contrary  to  hiR  ho|>es,  no  one  inter* 
fered,  but  nither  when  a  single  voice  cried  '*  nave  l)iy«elf  to  the  Greeks," 
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the  crowd  vociferously  exhorted  him  to  courage  and  the  flpecdy  accom- 
piiHhinent  of  hU  uurpo«e,  after  adjouruin^  the  m:t  (HI  ituuther  alf^ht 
**  that  the  moon  might  aUo  ftee  It,"  clad  in  the  ('viitc  uniform,  uHnting  a 
handful  of  inccn>ie  into  the  flames  und  cunuiicnding  him^Hf  ro  the 
spirits  of  hlB  ancestors,  \w  wnlked  treinblUigly  anil  pale  Into  the  flHmes 
aod  was  seen  no  more. 

In  *■  A  Strike  In  Home"  Zeller  dlpcutii^efl  the  variously  recorded  ?torr 
of  the  origin  of  the  Koman  fefativiil  quingutitrmi.  'I'he  j>iper«,  ft  U  sala^ 
vexwl  hy  certain  roAirlctlons  of  their  prerogatives,  withdrew  to  a  man 
to  Tlbur  and  oct'tt(*ionH<l  thereby  great  di^treittt  hi  Home.  There  could 
be  no  fe!«tivc  (tacrlfiies  to  the  godit,  no  religlou*  proeesslnua,  no  mar- 
riagcs,  no  burial!".  'Hic  senate  In  vnlu  tried  to  induce  the  Irate  mnsiclHnft 
to  return,  and  nnU'  after  they  hmi  l>eiin  m.iile  drunk  at  a  ft?aiit  givt'ti  in 
Tlbur  and  brought  home  In  wagons  did  they  couseul,  if  all  their  undent 
riten  were  restored,  to  resume  their  duties  as  before.  Thin  Is  eompareil 
with  the  legend  of  the  origin  of  fejttlvals  of  carmrtua.  The  lEomau 
■natrons  of  old  bad  the  right  to  ride  In  carriages,  of  which  tliey  were 
deprived  by  the  senate.  They  all  swore  to  bejir  no  nmie  ehlldren  lill 
the  privilege  was  rentored,  which  theiieniite  hanleiied  to  do.  Ifoth  these 
talefi,  the  Inrmer  of  wliich  luix  hi*en  hltheito  uttdoiihted,  Zeller  arguesi 
with  great  Ingenuity  arc  Intitanccd  of  the  icclologlcal  sagas  so  coiiiiiion 
among  the  lioiiiMnHund  utterly  without  hii'lorle-al  foundation. 

In  cliiiru<-teri/.ing  Fichte  as  a  politician  we  are  told  tliat  he  possessed 
the  very  rare comhimUlon  of  great  selen title  acumen  and  culture,  with 
Immense  vigor  and  )<eu)iltiveness  of  moral  eharaeter.  It  w,ts  ilit<  sub- 
stance of  his  plillosopby  that  the  will  (if  tlip  individual  ireatod  not  only 
his  owu  etiariLctcr,  but  hi^  own  world,  and  that  Individual  action  and 
development  might  be  free  and  unhind(M-ed,  was  the  ground  motive  of 
his  life,  'i'he  true  Rtate  it«cif  Is  only  a  three-fold  compact  of  lliesov- 
erign  p<!Ople  who  can  therefore  never  rebel.  Its  busmess  Is  Fo)(*lylo 
protect  men  in  their  riglits.  To  this  end  they  must  oversee  hU  depart- 
ments of  work  lu  every  detail,  and  t;ause  every  one  to  be  remunerated 
according  to  bis  services.  This  view  has  made  him  a  favorite  with  the 
modern  socialists.  It  alone  controls  intereourpo  wiili  foreign  states  and 
its  citizens  should  have  only  its  money  and  never  i.hat  c»f  othi-r  eountries. 
So  long  Its  the  sriite  is  iinytbliig  other  than  the  spontaneous  organi/atlon 
of  the  people,  ttie  latter  are  not  free.  An  absolutely  Iree  people  would 
need  no  state.  The  fate  of  the  true  culture  of  freedom  rests  with  regener- 
ated Germany,  iler  language  wlilch  has  been  develo|ked  indigenuusly, 
without  obscured  elYmim>gies.  frnui  a  prliitlclve  kindred  peopit;  and  not 
adopted  or  borrowed,  or  adumliratcd  hy  change,  like  that  of  other  Ku- 
rupean  nations,  makes  true  mental  freedom  possibly  only  for  htr  peo- 
ple. His  pliiloKoptiy  aiiri  hU  politli-jil  theories,  It  Is  concluded,  are  both 
Bupcieederl  by  later  and  better  vlew^,  but  will  yet  loug  remalo,  even 
where  mo*)t  couiradieled,  very  instructive  aud  elevating. 

In  Wollfs  expul»«iiinfrom  Ualle.Zcller  sees  the  pure  epitome  of  a  oon- 
test  which  Is  not  yet  ended.  At  the  do^e  of  the  thirty  years'  war  (Jer- 
many  had  grown  barbarous,  Ignorant,  schismatic,  sensuous  In  taste  and 
life  to  a  degree  nhlcli  f.erniaii  )iatriotism  now  liiids  It  hard  to  admit. 
Protestantism  had  fallen  Into  the  hands  <if  men  whose  rule  was  «ciin.*el3' 
less  fruit  less,  formal  and  unprogres^lve  than  that  of  the  Jcfutls  then 
dominant  in  the  ralbollc  chui-ch.     It  had  no  nndersianditig  of  the  rell- 

f[ious  needs  of  the  people  aud  had  driven  edllicution  from  the  church, 
earning  from  the  schools,  aud  freedom  and  thorouglm4!<)fl  from  the  uni- 
versities and  from  litcratun;.  At  this  period  pietism  and  philosophy 
tirst  t^>ok  their  rise  In  tiermany.  .SiH'ni*er,  reacting  against  the  dry  und 
deatl  intellectuallpm  of  theology,  urgrd  at  Ilrst  a  most  salutary  form  of 
emotional  and  practical  rtdlgious  living,  and  argued  the  uecessity  of  a 
deflnlt«  and  typical  change  of  inner  life  which  found  wide  acceptance 
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nod  has  founded  the  I^uthcran  church  deep  in  the  Oemiith  and  Kiven  It 
Itft  peculiar  freedom  and  tndepeudence  of  scientific  reaBon.  Wolff,  whoie 
DiclhodR  atlvetod  mathcniatlotl  form  uud  cortalnty,  who  used  the  ver- 
nacular tongue  iu  his  thronged  philosophical  lecture  room,  who  had 
nrgucd  tlmt  even  an  atheist  might  lend  a  moral  life,  and  that  if  no  di- 
vine reveletlon  had  heea  made  even  reason  would  incline  men  to  vlrtu- 
oufl  lives,  was  violently  attacked  by  tlie  pleligte  and  obliged  to  enter 
Into  tedious  and  prollclesa  di^tpiitatloni*.  He  saw  lila  student<t  and  fol- 
lowers and  even  \\\9  friends  graduiLlly  alienated  fromhlin  until  at  length 
the  king  of  Prussia,  lnduce<i  hy  a  plump  He  of  an  enemy  of  Wolff,  or- 
dered him  to  leave  hi*  tloniainsi  within  forty-elglit  hours  on  penalty  of 
being  hung,  and  roa<Ie  It  a  crime  t')  circulate  or  read  his  writings.  This 
bis  pletlstic  colleagues  declared  was  in  answer  to  tltelr  prayers.  He 
was  recalled  late  but  not  until  his  vigor  and  his  Influence  were  forever 
impaired. 

The  rf<latious  of  church  and  state  In  ihe  prist  and  present  and  the  dis- 
cipline, oultu.-t,  orders,  property  and  Influence  on  education  of  the 
former  are  dlsouHsed  from  an  abstract,  moral  stand-point  lu  a  readable 
UtUe  volume,  which  space  fails  us  to  epUfuuize.    (1).  lu  another  essay 

(1)  8(aat  fi  Kirvtic  ;  Vorlenunirea  fto  drr  Viiivfr-Jtftt  2u  Ccrlla,  Qt'hattcn  voo  Kd- 
wmfd  KrltT.  1B73.  p.  ILO. 

the  trial  of  Oatlleo  studieil  ill  part  from  original  sources,  Is  described, 
Sehwegler,  Waitz  and  I^ssing  as  ilioologlan'*  arc  t-haracterized.the  re- 
llttloDS  of  pcdicy  and  justice,  and  of  iiiittonuUly  and  humatiily  are  dis- 
cntsed.  ond  the  pref»ent  condition  and  problems  of  Ocnnuu  phlluso- 
phjr,  and  of  the  theory  of  knowUdffe  (KrkeotnUs-theorle)  are  explained. 

'i'he  latter  has  been  the  central  quet^tion  In  German  jihitoHophy  since 
Kant  brought  Into  flux  the  question  of  the  origin  and  truth  of  onr  no- 
tions of  things.  Based  upon  special  solutions  of  it,  the  grcut  idealistic 
Bvstems  were  wrought  out.  The  cry  "  hiutk  to  Kant,"  and  the  general 
■oandonment  or  the  fonndationn  upon  m  htch  Ficht<?,  Schelllng  and  Ile- 
gel  built,  which  in  many  quarters  ha^  dcgencratrd  to  an  uucrltical  cul- 
ttts  of  Kantain  orthodoxy  wm  at  Ilri>t  matured  by  the  convit-tlon  Chat, 
he  alone  had  fairly  examined  and  jupttlv  estlmaterl  the  Importance  of 
the  "theory  of  knowlidge,"  while  later  the  exiwrlmental  psychology  of 
the  physiolngt.-»t^  ami  the  studies  of  tlehnhnltz  have  only  nutre  sjH-cial- 
It  elaborateiithis  theory  and  more  critically  unswered  Kant's  problem. 
We  must  not  infer  fmru  the  study  oT  Kanr  that  cx|M!rienco  can  give  ii«- 
ord^rcd  matter,  or  that  all  forui  1^  innate,  still  less  tran  we  a  fn.'e  with 
him  that  because  we  apprehend  things  by  means  of  subjective  forms  we 
must  neccs-^Hrlly  be  Ignorant  of  things  as  they  are  In  ihemM^lves.  There 
1^  another  case.  Perhaps  the  form^  are  adapted  by  nature  to  give  us 
the  n'f/A<  view  of  things.  Subjecllve  and  ottjectlvH  t>e]ong  to  one  nature. 
Trae  if  we  laolate  iine  phenomenon  we  canuoi  distinguish  its  elements, 
hut  every  n<'W  nb«erviitlnn  applies  the  method  of  ilKTervnce.  We  pn^fer 
to  say  that  with  the  Increa-'lng  compass  and  acciinicy  of  our  knowledge. 
It  approaches  practically — thongli  not  theoretically  In  the  sense  of 
KIchte  and  Hegel — to  absoluteness.  It  OfiN'ssarlly  grows  certain  a*  It 
grows  wide.  It  Is  reflection  which  slftt  out  the  a  priori  elements  from 
experience  II nd  thus  briugs  knowiedge  of  things.  Hence  logic  isgronnd- 
rd  nil  the  theory  of  icnowl*>dge,  which  mn«t  Iti  turn  he  cnmp|fr**d  by  It. 
Nuuib'T,  lime  and  space  Z'-ller  luiit^es  the  m«f*t  general  forms  of  con- 
necting iihji^fts.  Propf-rlies  are  causal  Ideas  which  are  tiut  innate  in  Ihe 
old  historic  sense — )»o  intlnnitely  conneded  with  the  doctrine  of  pr*'-ex- 
U;ence— hut  they  are  hypotheses  lo  explain  the  unifying  Impulse  of  the 
mind.  Space,  however,  unlike  the  other  two  wlileli  are  objectively  real, 
at  the  basis  of  being  and  change,  may  hn  only  the  general  way  in  which 
things  iinpref«s  u*,  or  a  general  fonu  of  reaction  of  our  organism  in  Its 
lublt  of  eounectiug  sensations.    Dltrereut  hypotheses  of  the  external 
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cause  of  &eus»tion  may  Rui)«rfiede  It;  or  a^iilii  tH-dlmeDBtonal  space 
may  be  ouly  a  special  case  of  aDotber  relatiou,  embracing  other  cates 
also. 

Here  at  last  we  ^Ilmp8e  a  liuill  to  Zeller's  remarkably  wide  critical 
horizon  which  Is  particularly  raaulfeRt  throughout  hit  courxes  of  pST- 
cbologlcal  lottures.  The  h>poihe>i^ici  of  a  fourth  illmensioii  of  space,  In 
no  way  destroys  the  vnlidlty  of  the  old  ;^eonietrical  thrct\  Malheinatl- 
cal  phyHlcfl  hag  elaborated  equatioun  coiitaluln^  f  uoctions  which  mieht 
be  tru(!  in  a  space  of  z  diriiciiHioiiB  and  forthwith  fnetaphysiotl  jisycho)- 
ogl»t8,  reassertinff  old  Ulenltstlc  traditions^  or  perhapf  too  easily  bullied 
by  scleotlAc  ituthorltl^^s,  aitiltlfy  seleDce  by  talktos  of  an  abi*olutely 
epacela^s  univerfte,  and  a  uon-fxtended  matter.  To  Zeller  this  Is  only  a 
lon^ical  poB»lbitity  which  tuust  ni>t  be  forgottcu.  Like  mauy  of  the  older 
German  professors  of  philosophy  be  d<ies  not  deem  It  all  too  unworthy 
tlu>  dIguUy  of  hid  dcpftrtmeut  to  ItilcrC'ft  a  curloufl  class  by  recounting 
8ome  of  the  more  striking  results  and  methods  of  the  physlolofiflcal 
study  of  sensation,  but  too  often  only  to  disparage  their  philoftuphlcaj 
Importance  and  to  limit  to  the  narrowest  the  laipresslone  deduced  from 
them  In  detail  while  roundly  acknowled^inj;  the  ^eoerat  importance  of 
such  invciJtlgatlons  for  th<*  theory  of  kno\\lc>dge,  The  fundamental 
Importanc*^  and  the  linniensc  bco|m»  of  these,  ceutt^riiiK  an  they  do  about 
the  trnnsforminp  psychol"Kit'Hl  conception  nf  reflex  action  modified  by 
specific  nervous  functions  and  iDlilbltion,  /eller  falls  adcrjuately  to 
appreciate.  We  will  pau^e  hero  only  to  observe  that  the  whole  drift  of 
German  phy^lolo^y  Is  now  strouj^ly  and  almost  without  exception 
aj^alnst  tbe  possibility  of  such  muUiritiUstlc  deductions  a9  ^ller  fears 
therefrom. 

Philosophical  truths  to  Zeller  are  not  coins  stamped  and  weighed  to 
pass  unchanged  from  hnnd  (o  liand.  but  historical  products  deeply 
rooted  In  personaK  national  and  r^'ll^lous  chtinicter.  As  such  they 
must  drst  be  appronched  and  studied  If  we  would  add  oor  own  Individ- 
ual thinking  as  a  contribution  however  trivial  to  tlie  thoughts  of  the 
nice.  Instead  of  reviving  old  issues,  revolving  old  problems  and  thrice 
slaying  the  slain.  Tbe  history  of  philosophy  U  thus  a  labor-aavlng 
ilepurtnn-nt  of  study  most  ocommiic  (*t  mental  efl'urt,  and  prepan.*s  men 
for  thu  problems  of  loilay.  Ii  hIhmiM  nitn  In  the  flrgt  place  simply  to 
present  and  not  to  criticise  or  e-thnfiie  its  suldcct  m.ittcr.  It  should 
teach  us  how  our  consciousness  tiocnmn  what  It  is.  It  t^honld  show  that 
all  pruclical  sciences  or  inslittiltous  of  human  life  and  society  pre-sop- 
pnse  A  iheoreticul  foundation  which  Is  deep  and  broad,  in  proportion  as 
they  are  high  or  important.  Not  only  do  the  roots  of  all  thiiig<t  go  back 
to  philosophy  but  it  U  an  unnalurul  c<tnditi<m  of  things  if  plillosophy  la 
suspected  or  dcgradcil.  As  i'uvour  snid  the  state  should  be  occasionally 
led  back  to  first  principles,  even  by  revohitlon  If  need  he,  so  it  is  we 
not  to  allow  men  entirely  to  forget  how  law  lud  every  political  and 
social  institution  were  at  drst  and  still  are  at  bottom,  only  devices  to 
e&lablish  simple  morality  as  an  individual  habit,  and  between  man  and 
man,  and  that  all  religions  arc  but  foriuulallons  of  man's  relation*  to  the 
universe  as  a  whole.  Moreiivcr  the  special  branches  of  knowledge  are 
able  t*>  act  and  n'art  fruitfully  upon  each  other  only  as  It  Is  seen  how 
organically  they  are  connected.  The  cflV-ct  of  scliMice  upon  philosophy 
may  be  In  some  sense  comp.ired  to  Us  effect  upon  poetry.  Since  it  be- 
came impos.slble  to  believe  longer  in  myths,  poetry,  Instead  of  being 
crippled  or  sufVerlng  any  limitation  of  her  domain  as  many  predicted, 
has  found  new  sources  of  Inspiration  deeper  and  stronger  than  ever  be- 
fore while  even  historic  myths  exert  undlmhilsiied  nniglc  charm  over 
tJie  Imagluatbin  of  men.  So  likewi:^e  the  niet:iphy>«iL'a)  myths,  Hlatonlo 
ideas  and  Ideals,  Innate  Intuition!*,  an  absolute  ego,  a  dialectic,  world- 
dovcloplng  reanoa,  a  universal  will,  and  scores  more,  are  no  leas  quick- 
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entn)^  now  than  before  whtle  the  obsen'atlonal  and  more  exact  experi- 
meulal  study  of  the  pi^iyi-hlc  powers  are  opening  up  a  nidlcullv  new 
conception  of  the  human  8<ml,  reason  and  conncience.  With  t!ii»  la  aug- 
seatea,  at  lea?t  to  thoste  where  suprcnic  pnpnion  i»f  life  it  ia  to  cooeelve 
U  however  faintly,  the  poH»ibility  again  of  one  orj^anlzed  intellectual 
world  maulfestly  monistic,  without  unscientific,  hyper-Ioglcal  guess- 
work, lu  wlilch  IneiilUm  and  realittm^  ioBtcad  of  being  absolute  even  In 
their  opix>8ltion  arc  iiimply  two  cardinal  points  of  direction  of  which 
philoi<ophtc  thouglit  niu8t  not  lone  »ight. 

In  hU  somewhat  jwpular  history  of  (^rniim  philosophy  ^incc  Lcil>- 
Ditz  '  written  as  the  thirtreiiih  vohinie  of  the  History  of  Science  in  Ger- 
many under  the  auspices  at  the  Saxou  comml*.slon»iioincwhat  monograph- 
Ic,  and  mainlv  devoted  io  the  seven  great  named  from  I^ibnitz  to  Scho- 
pculiaucr  both  inclusive  and  not  to  l)e  compared  with  Kuno  KlRcher'a  ei- 
nuui«tive  work  in  the  history  of  modern  philojiophy,  Zeller  urges  that 
the  reformntiOD  made  Germany  iotrospcctivc.  The  deepest  roots  of  her 
power  lu  the  world's  hUtory  he  fimiH  In  her  philosophy  and  mure 
especially  iti  her  idealism  at  once  its  weukncHs  and  itn  strength.  Ger- 
many will  be  false  to  all  her  traditlona  if  she  forgets  the  power  of  sub* 
Jectlve  reflection.    Her  phllososby  was  developed  in  a  period  of  peace 

■  <;««chjcbte  der  De«iUoht>a  PhlloMpliM  wit  [>MbnltK  vnn  E.  Z««II«t,  1873,  pp.  917. 

unbroken  aave  by  the  inspiring  war  of  liberation,  and  even  now  with  all 
her  iKiUtical  military  and  miiterlnl  successeSf  her  growing  love  of 
money,  and  devotion  to  business  must  be  guarded  with  pious  patriotic 
care  as  yet  full  of  f«aving  and  guiding  power. 

Zeller's  great  life-work  Is  of  course  his  history  of  Greek  philosophy, 
the  first  part  of  the  tlrst  edition  of  which  was  printed  more   than   a 

Quarter  of  a  century  ago  and  which  li»a  now  reached  a  fourth  edition. 
t  U  by  far  the  best  work  on  the  subject.  Ills  characterl/.atiun  of  the 
fre-Socratic  philosophy,  though  aa  aniike  the  speculative  histories  of 
tegel  or  Scliucglor  as  possible,  Is  a  niaf^tt^rpieco  of  constructive  criti- 
cism. The  liiborlous  Tninuteness  with  which  every  trace  of  suggestion 
Is  followed  up.  the  conip.ifls  of  his  method  which  requires  familbirity 
with  every  plmne  of  coiitcmnnry  Greek  life  and  hUtory,  the  conscien- 
tious care  to  avoid  all  false  ideallzatious  and  to  hold  every  personal  pref- 
erence or  prejudice  in  perfect  poise  and  hiii  constant  verillcalion  hr 
tiuotations  have  all  combined  to  make  his  readers  couc<dve  of  Greek 
tnought  as  perhaps  less  pure  and  perfect  and  less  transcendcntly  won- 
derful than  we  were  wont,  but  have  Invested  the  theme  with  a  nearer 
and  far  more  sympathetic  human  Interest  than  ever  before.  It  la  of 
course  imposigible  in  our  llmit:^  to  enter  Into  any  detailed  review  of  this 
work,  but  this  rough  sketch  of  Hs  nuthor's  varied  Intellectual  labors 
will  not  have  been  written  In  vain  If  It  shall  Induce  the  reader  to  take 
tbla  work  aeriuusly  in  hand  for  himself. 

Ed. 
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A  SKETCH  OF  THE   HISTORY   OF  PSYCHOLOGY 
AMONG   THE  GREEKS. 


Br  Charles  A.  Strong. 

The  following  paper  is  an  abstract  of  six  lectures  delivered 
at  Chirk  University  in  the  autnmn  of  18l»0  on  the  history  of 
psyoliology  among  the  Greeks  from  the  earliest  times  down  to 
Aristotle.^  The  psycholoKist^s  of  this  period  are  the  philoso- 
phers, and  their  psycholojpcal  doctrines  are  for  the  most  part 
60  intimately  bound  np  with  their  philosophy  that  a  sketch  of 
the  former  necessarily  involves  some  mention  of  the  latter. 
We  mnst  therefore  devote  a  few  words  to  the  metaphysics  of 
each  philosopher  before  taking  up  his  psychology.  But  the 
psyoJiologioal  theories  of  tlie  Greek  philosophers  stand  in  the 
closest  relation  to  the  animistic  beliefs  that  pif  vailed  among 
the  early  Greeks  ;  and  our  sketch  would  be  unintelligible 
without  a  preliminary  account  of  these. 

I. 

Lonp  l>cfore  scientific  psychology  tMsgins,  there  exists  an 
ancient  popular  psy<hology,  which  embodies  the  earliest 
naive  notions  of  uncivilized  men  about  the  soul  and  \\a  activi- 
tiee.    These  notionfi  are  found  among  t>arbarous  and  semi- 


*  The  chief  authoHtiei)  nn  Che  psychology  of  Che  Greeks  are  the  great 
workof  Zelter,  Dlt<Phlla:^u|>hleilerGrlechen,  of  which  I  hHVoasedCbehut 
edition ;  and  Prof.  Sii-lx^ck's  (Jeschichtodpr  l*»ychologlo,  Gotba,  1S80-84, 
which  Is  ouQipleu-d  n»  far  \\a  Thonum  Aquinas.  On  the  AuiniUttc  eon- 
CfiptloDS  of  the  Uotneric  Greeks,  *ce  Ervvln  Rohde,  ri*ycho:  HeeluDculC 
vnd  UEUterbllehkeltflglaubc  der  Grtechon,  Krelbure  1.  B.,  IS'K),  pp.  l-ii. 
On  the  relation  b«tire«i)  Greek  prtycholoev  nud  aulmlam,  see  Jullua  Lip* 
pert,  Die  Rellgiooeu  der  europfllschen  KuUurvOlker,  Berlin,  1881,  Eln- 
IcUaDg  and  pp.  :i50-276. 


TVsr  «HiT<enaI 

■octtKBed  I7  OUT 
^  SzE^aik  the  aaplest; 

T^   MinnsSK  tftiEHB  IE  Af  ■■■!'   JCiifci^'  i»  TVlor.  ^  is 

nn  If  -r-vvr.  £ia.  ir  t^boiw  .  -^f  «aBW  «E  It^  aad  tbongfat 
31  -^^  :xDtmtBai  x  tnnntnrs :      .  .  <jy&wg  <<  jtariBp  die 

:iKMibiiditf  B&L  irr^sj^M*.  t«v  jgataicaK  1»  sbck  'Tak±^  or 
jtfUK?  «»-  A  T^ssicBsaL  .  ^  gmi.n»  me  t»  exist  aad  to 
aygnMc   >r   wa   aSKr  "s^t   omb  4<  d■^   Snafr 

»$  ^~w  V  >r  krn*.  M£»t  -w^t^i^  araiKTiLrF  rignf*  lum  to 
4br.  A»  f  xs^amw  ^  amojbi!^  la.  "^  irss  isscisce  for  die 
fKTwee  2f  f x^uucnu:  1^  AUa^un.*  >(t««<iii  ^ile  and  dkadi. 
Y%^  ■miT^aan^ss  aai.  anrrx?  rt  iirr^K  ^rcu5  xs^.  it  U  fdt, 
te  £v^  r>  ^«Anf  :a«rMc  <aa£««w  «■»£  i^a»  ««<«  i»  called  die 
i««Z-  T^  &!rri;^  •sraasaant  ^rvot  'tdltM^tb^iSiIlWiSSof  deadi 
»  ex7CK3K«£  a»  ^ve  w  t^s-  6fcifem^  «f  1^  jv«1. 

Tte  ik2»  s  Ts^  trv^  ^csc=z  #f  tW  xccactt  «f  t^  sool.  we 
kaw  «T>5esveip  =z  <«r«Kx  fiLOwi  Stixfe  ikat  are  vril-iu|:li 
HJT-crsa^  aacv^  unitCiiit^  pv^ews^  la  ^e  ftrst  place,  the 
S0«1  i»  TigptgLWWii  a$  aaaiw?«K  ivv  if  sM  iiflKxal  vidi.  tfae 
breadk:  Wsw  lise  Hefrre*  v«^i?  Tr-Sil-^gs*,  '^'JK-A  ;  Ak'  Greek 
pryr^.  fctja  ^xr--^W»  30  fres^ea  vtiktftie  VceMk.  aad/»«ewma, 
fw6m.  p%^m  TO  Kov :  1^  Laaoc  r«4  n-M^  « W  fi  ut.  <««Berted  vith 
Ae Greek  .T.*r«'.>k  wtad.  asd  w«-t?ik«.  fn>H  «f»-Tfr*r  to  bieadie. 
XoT  t^  coauaoaets*  oh»rrKM«$  «>f  t^  dxffKence  between 
life  az»d  d^atk  wooM  sft^aralZr  >4id  sea  to  eoaz»Mt  die  soul 
tx>tk  with  the  bceath  a»i  with  the  t<d<K<d.  For.  in  the  first 
place.  loss  of  Kood  B^ttos  ki$s^  of  Tita!  force,  and  if  too  much 
blood  be  lost  death  is  the  eoasv^joeiKe.  In  the  s^K^nd  place. 
men  breathe  as  lon^  as  ther  are  alire.  and  oftftse-  to  breathe 
when  they  die.  Fnrthermore.  the  sara^ce  has  no  dear  con- 
ception of  the  function  of  dke  loners,  bat  supposes  that  in 
some  war  the  inspired  air  pets  into  the  Mood  and  is  carried 
by  it  all  over  the  boir  .  It  is  thns  a  pretty  consistent  theory 
which  identifies  the  so^  with  die  breath,  and  finds  its  special 
seat  in  the  blood. 

Snch,  then,  were  the  conceptions  of  the  Homeric  Greeks  re- 
garding the  sonl  and  its  relations  to  the  body.  In  what 
sense  they  conceive  the  sonl  to  be  the  cause  of  li^  and  more- 
ment  appesirs  from  their  views  of  its  condition  after  death. 

*  PrfmitiTe  CiiUare,  I.,  p.  43S. 
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When  death  overtakes  a  Homeric  warrior,  hia  soul  escapes 
through  his  mouth,  or  through  a  gaj^ing  wouud,  and  hurries 
to  the  house  of  Hades.  When  separated  from  the  body  it  is 
called  eidolon  or  iuiage.  These  images  are  tliin  and  unsubstan- 
tial as  smoke  or  shadow ;  being  *'as  the  air  invuLuerable/' 
they  elude  the  grasp  of  the  living.  Their  life  in  the  lower 
world  is  a  pale,  disconsolate  one ;  indeed,  they  can  hardly  be 
said  to  live  at  all,  for  they  no  longer  possess  eousciousuess  and 
volition;  the  truth  is  that  '*  they  do  not  live,  but  only  exist." 
There  is,  however,  one  means  by  which  they  can  temporarily 
recover  life  and  consciousness,  and  that  is  by  partaking  of 
blood.  The  soul  cannot  therefore,  in  the  conception  of  the  Ho- 
meric Greeks,  be  said  to  be  the  independent  possessor  of  life 
and  consciousness.  Only  so  long  as  the  soul  remains  connected 
with  the  body— only  so  long  as  th"*  soul  retains  its  union 
with  the  blood  —  does  mental  activity  continue.  It  follows 
that  sensation,  thought,  and  volition  are  functions  of  the 
living  being  which  soul  and  body  constitute,  not  of  the  soul 
alone. 

Wliilcthe  blood  in  general  is  conceived  to  t>e  the  seat  of  the 
Boul,  the  mental  faculties  are  assigned  a  special  seat  in  the 
breast.  Thus  the  word  for  midriff  or  diaphragm  is  the  common 
expression  for  mind  j  for  the  main  reservoir  of  the  blood  is  in 
the  breast,  and  the  midrib  is  put  by  metonymy  for  this  entire 
region.  Similarly,  the  various  woi*d8  for  heart  are  used  to 
denote  the  subject  of  the  states  of  feeling.  In  general^  the 
attention  of  the  Homeric  Greek  is  turned  more  especially 
towards  the  robuster  Ktat4>s  of  feeling ;  which  explains  why 
the  psychical  activities,  including  even  perception  and  thought, 
are  suppostHt  to  have  their  seat  in  the  breast,  and  not  at  all  in 
the  bead  or  the  brain. 


U. 

Down  t-o  the  time  of  the  Sophists,  the  Greek  philosophers 
are  mainly  occupied  with  cosraological  problems.  When 
the  Ionics  declare  that  all  things  consist  of  water,  air,  or  fire, 
they  do  not  mean  by  water,  air,  and  fire  jnat  what  we  mean 
by  these  words.  Ttie  conception  of  matter  as  matter,  that  is,  ae 
lifeless,  passive,  inert  substance,  is  a  late  scientific  product. 
Nor  must  we  imagine  that  the  problem  they  are  en- 
deavoring to  solve  is  a  purely  physical  and  not  rather  a  bio- 
logical one.  They  are  not  le-aving  living  beings  out  of  ac- 
count, and  seeking  simply  t.o  explain  the  mutations  of  matter  ; 
on  the  contrary,  they  i*egard  all  matter  lus  alive,  and  if  they 
select  water,  or  air,  or  fire,  as  tJieir  fundamental  principle,  it 
1b  because  they  think  they  see  in  this  form  of  matter  rather 
than  in  any  otiier  the  essential  basis  of  life. 
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The  early  Greeks,  as  we  have  seen,  cooHider  the  soul  to  be 
closely  connectM  with  the  breath,  and  to  have  its  seat  in  the 
blood.  Now  then;  is  a  (Uflerent-e  between  living  and  dead 
blood ;  when  the  blood  of  a  dying  man  flowg  out  into  the  air, 
it  grows  cold,  coagiilate8,  and  dries.  Thus,  at  the  same 
time  that  the  soal  disappears,  the  warmth  and  moisture  of 
the  blood  disappear.  It  is  farthermore  a  striking  fact  that  the 
breath  also  is  both  warm  and  moist,  and  that  it  leaves  a  {pal- 
pable residaum  of  warm  moisture  behind  it.  What  more 
natural,  then,  than  to  take  this  warm  moisture  which  is  the 
common  element  in  both  blood  and  breath,  and  identify  it 
with  the  sonlT 

This  in  what  Thaler  does  when  he  declares  that  the  first 
principle  of  tilings  is  water.  Water,  he  says,  is  the  substance 
of  which  all  things  consist.  In  men  and  animals,  it  is  the  warm 
moisture  of  the  blood  upon  which  life  and  movement  depend. 
Since  this  is  so,  the  life  and  movement  of  external  natnre  are  to 
be  acconnt4Ml  for  by  the  same  analogy  ;  they  must  l»e  due  to  the 
fa<'t  that  all  things  are  at  bottom  forms  of  water.  Hence  his 
statements  that  "tlie  whole  world  is  alive  and  full  of  gods," 
that  is»  of  souls  ;  and  that  even  the  magnet  has  a  sonl,  sinoe 
it  Is  able  to  produce  motion. 

AriHtotIo  conjectui-cs  that  Thales  may  have  been  led  to  his 
theory  by  thu  observation  that  the  food  of  all  animals  is 
moist,  and  timt  they  all  originate  from  moist  seed.  However 
thin  may  U\  we  know  that  ////*/«>,  a  contemporary  of  Thales, 
who  agnnwl  with  him  in  identifying  the  soul  with  water,  or 
rather  with  moisture,  strongly  combattod  the  tra<Utional 
view  that  tln^  soul  is  in  the  blood,  and  maintained  that 
It  Is  ill  Ihc  HiM'd.  He  seems  to  have  supposed  that  the  seed  is 
not  only  the  starting-point  from  which  the  new  individual  is 
deveJopod,  but  remains  in  the  body  throughout  life  and  forma 
the  nucleuK  in  which  the  vital  activities  centre.  We  thus 
have  two  opposite  tlieories  of  psychogenesis — the  one  that 
the  sonl  is  in  the  blood,  and  is  therefore  derived  from  the 
mother ;  the  other  that  it  is  in  the  seed,  and  therefore  deilved 
from  the  father. 

Anoximenen  regarded  air  as  the  stuff  of  which  the  sonl 
consists,  and  held  that  all  things  are  formed  out  of  air  by 
condensation  and  rai-efjiction.  This  theory  is  little  more 
than  a  philosophical  re-editing  of  the  popular  view  that  in 
breathing  the  soul  is  nourished  by  the  inspired  air,  which,  it 
is  argue<l,  must  therefore  l>e  of  the  same  nature  as  the  soul. 

Diogenes  of  ApoHonia  agrees  with  Anaximene^  in  identi* 
fying  the  soul  with  air.  The  centre  of  life  and  thought  is  the 
heart ;  here  the  blood  is  formed,  and  here  it  is  mingled  with 
air,  which  it  carries  to  every  part  of  the  body.     "The  life 
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which  pervades  the  entire  body  has  its  source  in  the  blood, 
which  IK  foamy  and  iUled  with  air."  He  alHo  points  out  that 
the  seed  is  foamy  and  filled  with  air,  'Mike  the  blood";  and 
does  not  forget  to  insist  that  in  both  cases  an  essential  quality 
of  this  air  is  its  warmth. 

It  is  only  an  accentuation  of  this  view  when  Heraclihut^ 
the  greatest  of  the  Ionic  philosophers,  maintains  that  all 
things  consist  of  fire.  By  fire  he  does  not  mean  flame,  but  a 
dry  warm  vapor,  which  he  conceives  to  Ije  the  essence  of  fire. 
Fire,  in  this  sense,  is  the  stuff  of  which  the  soul  c^onsists,  and 
is  present  in  the  breath  as  its  essential  constituent. 
Heraclitus  has  by  no  means  abandoned  the  popular  notion 
which  finds  the  principle  of  life  in  the  blood  and  the  breath  ; 
it  is  only  a  different  constituent  of  these  which  strikes  him  as 
essential,  namely  the  quality  of  warmth.  On  the  one  hand, 
he  is  deeply  impressed  with  the  phenomenon  of  animal  heat ; 
on  tlie  other,  the  ol>servation  of  the  subtle,  x'^'^^^rating, 
mobile,  destructive  character  of  fire  outside  the  organism 
convinces  him  that  this,  of  all  other  natural  substances,  is 
the  principle  of  life  and  activity.  All  things  consist  of  fire, 
but  not  all  things  manifest  the  familiar  qualities  of  fire.  For 
all  things  are  in  eternal  tlnx  ;  all  things  are  continually  chan- 
ging their  qualities.  This  happens  because  all  things  are 
continually  undergoing  either  condensation  or  rarefaction. 
In  their  state  of  highest  rarefaction  they  are  what  we  call 
fire,  and  then  it  is  that  they  manifest  the  (]ualities  of  soul; 
bal  tlie  process  of  condensation  now  transforms  them  suc- 
eesaively  into  air,  water,  and  earth.  The  human  organism  is 
oompounded  out  of  the  elemeuts  at  the  l)ottom  and  those  at 
the  top  of  the  world- process,  in  such  a  way  that  the  Iwdy 
con8ist49  of  eartli  and  the  soul  of  fire.  The  mechanical  bond 
which  connects  the  individual  soul  with  the  diffused  soul  of 
the  world  is  respiration ;  in  respiration  we  breathe  in  the 
fire  and  therefore  the  rationality  diffused  in  the  air. 

Empedoclex  conceives  all  natural  objects  to  be  mixtures  of 
four  original  elements  —  fire,  air,  water,  and  earth  —  which 
he  was  perhaps  the  first  thus  to  distinguish  ;  and  to  be  sub- 
ject to  the  a<!tion  of  two  forces,  one  attractive  and  tlic  other 
repulsive,  to  which  he  gi%'es  the  allegorical  designations  of 
love  and  hate.  In  the  i-ourse  of  his  physical  theory  he  seems 
to  have  made  no  mention  of  the  soul,  and  nowhere  to  have 
dropi>ed  a  hint  that  he  regards  it  as  a  being  distinct  ffrom 
the  body.  But  he  mentions  various  psychicul  activities,  and 
his  explanation  of  them  is  a  consequence  of  his  philosophical 
theory.  The  facnlty  of  thought,  for  example,  he  explains  as 
consisting  in  a  certain  mixture  of  the  substances  that  com- 
pose the  blood,  and  he  explains  the  other  fa<^ulties  in  a  similar 
manner. 
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and  doaeiy  allied  to  tbe  toaillliaM  laopa^ii^rt  in  the  Orphic 
nyataiita;  It  refarda  the  seal  as  aa  iauaortal  being,  im- 
priaoaed  in  the  body  as  a  paajdunent  for  its  sins,  and  calls 
dke  body  the  tomb  oC  the  aoiii.  Thia  riew  was  sabeequeoUy 
taken  np  by  Plato,  aad  irirea  a  cteiactarisfeie  coloring  to  bis 
whole  pejvhotockal  theasy> 


in. 

To  aadentaiid  tin  phikMophical  basia  of  the  paydiology  S 
/teNMcrifas,  «« lanat  go  back  to  the  StatieB,  whose  funda- 
■watal  priDciple  is  the  exact  opposite  of  that  of  Heraditas. 
HetacUtaa  is  so  impreased  with  the  fart  of  change  that  he 
makes  it  the  priuriple  of  thing^s;  for  bis  fire  is  simply 
the  personification  of  reistietss  change.  Parmenides.  on  the 
other  hand,  thinks  he  aees  dearly  the  impossibility  of  sa^h  a 
thing  as  change ;  that  one  thing  should  change  into  another 
different  from  itself  seems  to  him  to  involve  a  contradiction. 
He  therefore  denies  the  reality  of  the  sen&ihie  world,  where 
such  changes  seem  to  occnr,  and  affirms  that  the  only  reality  is 
all  inrlnsive  **  Being."  and  that  **  Being"  remains  forever 
immntahly  what  it  is.  The  atoms  Ot  Democritus  are  simply 
the  "  Being "  of  rarmenides  cat  np  very  fine.  Like  it, 
they  are  ingenerable,  indestructiMe,  and  inunntable.  They 
possess  only  mathematical  qualifies,  and  therefore  differ  from 
one  another  only  in  shape,  onler,  and  position.  They  are 
infinite  in  nnmber,  and  together  constitute  the  universe, 
and  there  is  nothing  beside  them. 

Though  the  soul  i.s  distinct  from  the  body,  it  is  impossible 
on  atomistic  principles  that  it  should  lie  other  than  corporeal. 
Bnt  the  matter  of  which  it  <x)nsiKts  must  be  of  a  sort  to  ex- 
plain Us  essential  properties,  which  are,  first,  motion,  and 
secondly,  thought.  Now  motion  can  only  proceed  from  that 
which  is  itself  in  motion,  and  the  »oul  must  therefore  consist 
of  the  most  mobile  kind  of  atoms  ;  these  are  the  very  fine, 
smooth,  round  ones  that  constitutA*  fire.  Democritus  thus  agrees 
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with  Heraclitus  that  the  soal  is  of  the  nature  of  fire.  This 
harmouizea  well  with  the  second  essential  property  of  the 
ROuly  thought ;  for  thought  is  itself  a  subtle  kind  of  motion. 
The  fiery  atoms  that  constitute  soal  are  dilEased  through 
the  entire  body,  in  such  a  way  that  between  every  two  body- 
atoms  there  is  a  soul-atom.  The  body  is  alive  in  all  its 
parts,  because  in  all  parts  there  are  atoms  which  by  virtue 
of  their  nature  are  in  continual  motion,  and  which  thei^fore 
set  in  motion  the  atoms  that  surround  tliem.  But  the  motion 
of  the  soul-atoras  is  not  the  Hame  in  every  part  of  the  body; 
that  is  to  say,  the  different  psychical  activities  have  their  seat 
in  different  parts,  thought  in  the  brain,  anger  in  the  heart,  de- 
sire in  the  liver.  Since  the  fiery  atoms  that  constitute  soul  are 
everywhere  diffused  in  space,  the  whoie  world  must  be  alive; 
yet  not  in  the  sense  of  a  unitary  being.  **  There  must  be  much 
soul  diffused  in  the  air,  how  otherwise  could  we  breathe  in 
life  and  soul  out  of  iti"  The  preseri'ation  of  life  depends 
upon  the  uninterrupted  accession  of  new  sonl-atoms  from 
without  in  breathing.  For  since  the  soul  is  not  completely 
enclosed  by  the  l>ody,  ftome  of  its  atoms  are  continually  es- 
caping ;  the  surrounding  air  presses  them  out  of  the  l)ody 
because  of  their  smallness  and  fineness.  Breathing  not  only 
introduces  new  aoul- atoms  into  the  body,  to  replace  those 
that  are  lost,  but  mei'hauically  obstructs  the  exit  of  those 
that  remain.  When  breathing  ceases,  the  last  obstacle  to 
the  escape  of  the  soul-atoms  is  removed^  and  their  departure 
is  what  we  call  death. 

The  fact  that  this  theory  is  materialistic  does  not  prevent 
it  from  being  an  almost  perfect  reproduction  of  primitive 
animism ;  for  animism  itself  is  vaguely  materialistic.  The 
theory  of  atoms  is  tlie  only  novel  feature.  We  may  point  to 
the  following  elements  as  distinctly  animistic  :  the  view  that 
the  soul  is  not  inimat^'Hal,  but  only  a  more  ethereal  kind  of 
matter  than  the  body;  the  view  that  in  breathing  the  soul 
receives  nourishment  from  without;  the  view  that  the  soul 
lives  in  the  body  while  breathing  continues,  and  disappears 
with  tlie  breath  ;  the  view  that  the  soul  is  identical  with  the 
bodily  warmth. 

In  the  theories  we  have  thus  far  considered,  the  common 
Uindency  has  been  to  regard  the  soul  as  a  refined  form  of 
matter.  We  canuot  say  that  Anaxagoraa  g^lw  wholly  lieyond 
this  view,  for  he  says  that  mind  is  unlimited,  that  it  is  the 
finest  and  purest  of  all  things,  and  that  in  different  objects 
there  are  greater  or  smaller  portions  of  it.  Nevertheless,  if  he 
still  conceives  mind  as  a  form  of  matter,  he  manifeste  a  clear 
insight  into  the  radical  difieronco  that  separates  this  form  of 
matter  from  every  other  form.     It  is  interesting  to  observe 
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the  characters  by  which  he  seeks  to  difierentiate  mind-stuff 
from  ordinary  matter.  Ordinary  matter  is  a  mixture  of  all 
things,  containing  particles  of  flesh,  b1oo<],  vegetable  tissue, 
gold,  silver,  etc.,  indiscriminately  mingled  together.  In  (act, 
every  object  contains  particles  of  all  existing  sub^ttances,  and 
receives  its  name  as  this  or  that  only  from  those  that  prtnlo- 
minate.  ''All  things  are  together,  everjrthing  is  in  everything 
else.^'  In  contrast  to  the  indiscriminate  mixedness  and  mutual 
dependence  of  ordinary  matter,  there  must  have  exinU-Ml  from 
the  beginning  a  special  kind  whose  privilege  it  was  to  be 
absolutely  independent  and  unmixed  :  for  only  that  which  is 
unmixed  can  have  power  over  and  know  that  which  is  mixed. 
This  is  what  Anaxagoras  calls  nous  or  mind.  Sinoe 
mind  has  no  constitaents,  it  can  have  no  qualities  or 
differences  within  itself,  but  must  he  homogeneous  through- 
out; while  onlinary  material  thinj:s  iliffer  from  one  another 
according  to  their  composition.  Only  by  having  no  qualities 
can  it  moi'e.  other  thiuRs  j  for  if  it  had  (|ualitie«,  it  would  be 
one  among  things,  and  they  would  then  act  upon  it,  and  its 
dominion  over  them  would  not  be  absolute.  Only  by  having 
no  qualities  can  it  kuotr  other  things  ;  for  if  it  had  qualities 
iteelf ,  these  would  dim  its  vision  and  prevent  it  from  perceiv- 
ing clearly  the  qualities  of  things.  Mind  is  thus  alto- 
gether active  in  its  nature,  and  alone  able  to  act  without  being 
acte<l  u[>on.  When  it  act«  uix>n  matter,  it  oanses  motion;  in 
fact,  mind  is  the  original  source;  of  all  motion.  We  might 
supiwso  motion  to  be  uncaused  and  to  be  equally  original 
with  matter,  were  it  not  for  the  order  and  beauty  which  per- 
vade the  world,  and  which  come  about  by  means  of  motion ; 
but  these  show  that  motion  must  have  proceeded  from  some 
spiritual  source,  that  is,  from  mind.  Mind  is  thus  the  ruling 
element  in  the  world,  it  *  *  knows  all  things  and  has  the 
greatest  power." 

It  will  be  evident  that  the  psychology  of  Anaxagoras  marks 
the  widest  departure  from  animism  we  have  yet  encountered. 

IV. 

It  does  not  enter  into  the  plan  of  this  sketch  to  present  in 
detail  the  views  of  the  pre-Socratic  philosophers  regard- 
ing the  physiology  and  psychology  of  the  senses;  but  we 
may  insert  at  this  i>oint  an  account  of  the  most  ingenious 
and  suggestive  of  these  theories,  that  of  Democritus,  which 
will  serve  as  a  specimen  of  their  general  character. 

In  oi-der  tliat  sensations  may  Uike  place,  it  is  necessary, 
according  to  Democritus,  that  iwrtions  of  the  external  object 
should  come  in  contact  with  the  sense-organs,  and  that  the 
impression  there  protlucetl  should  be  propagiited  into  the  in- 
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tenor  of  the  body  and  commmucated  to  the  atoms  of  soul. 
The  impresaion  ou  the  senae-orgau  must  have  a  certain  inten- 
sity, that  is  to  say,  the  parts  that  touch  the  seuse-organ  must 
have  a  certain  density  and  solidity,  otherwise  no  sensation 
arises;  tones,  for  example,  find  access  to  the  soul  through 
every  part  of  the  body,  bnt  are  beard  only  through  the  ears, 
liecause  it  is  only  through  these  that  they  find  access  in  suffi- 
cient quantity.  Democritus  regards  the  sense-organs  as 
merely  passage-ways  for  matter  ;  thus  the  essential  feature  of 
the  eye  is  its  moist  and  spongy  character,  and  the  eai-  is 
only  a  tulx-  which  admits  the  vibrating  air  into  the  body. 

Visible  objects  give  off  effluences,  which  are  images  or  copies 
of  themselves  in  miniature,  as  it  were  their  peeled-ofi  sur- 
faces. These  images  avo.  complexes  of  atoms,  like  the  objects 
from  which  they  come.  The  essential  thing  in  vision 
is,  first,  that  these  images  should  be  i*eflect-ed  iu  the  eye, 
and  secondly,  that  the  impressions  thus  produced  should 
be  propagated  as  far  as  the  atoms  of  soul.  Strictly 
Bpeaking,   it  is   not  the  images  that  leave   visible  objects 

lat  are  reflected  in  the  eye;  for  the  space  between  ob* 
ects  and  our  eyes  is  filled  with  air.  and  the  air  is  dea- 
sitietl  by  the  warmth  of  the  sun,  and  this  obstructs  the 
passage  of  the  images  themselves  ;  ao  that  what  actually 
reaches  the  eye  and  is  retlected  there  is  the  likeness  of  the 
images  impressed  upou  the  densified  air.  This  is  why  we 
see  indistinctly  at  a  distance ;  if  the  space  between  objects 
and  our  eyes  were  empty,  we  should  be  able  to  see  an  ant  in 
the  aky.  A.  second  hindrance  to  vision  is  the  fact  that  efilu- 
ences  are  continually  given  off  by  onr  eyes.  It  follows  that 
we  do  not  perceive  things  just  as  they  are,  but  that  the  quali- 
ties of  visible  objects  ai-e  partly  subjective.  Color  is  a  pui-ely 
subjective  phpnomenon,  the  objetitive  canse  of  which  lies  in 
the  mathematical  qnalities  of  things,  which  are  the  only 
qualities  they  i)osscss  in  themselves.  Hei^  we  have  the 
earliest  statemeut  of  the  distinction  between  the  primary  and 
fleoondai-y  qualities  of  matter.  There  are  four  fundamental 
-colors  —  white,  black,  red,  and  green — all  others  are  mix- 
tures of  these. 

Pa-ssing  to  the  sense  of  hearing,  a  sound  or  a  tone  is 
defined  as  a  stream  of  atoms  proceeding  from  a  sonorous 
body.  This  stream  sets  in  motion  the  air  that  lies  before  it, 
and  thus  produces  a  current  consisting  partly  of  atoms  from 
the  sonorous  body,  partly  of  atoms  of  air.  In  this  rurrent 
the  atoms  that  have  the  same  size,  smoothness,  ix>undnes8, 
and  fineness  drift  together.  The  ati-eam  enters  the  body 
through  the  external  ijassago  of  the  ear  and  penetrates  as  far 
as  the  atoms  of  soul ;  when  it  acts  upon  these,  auditory  8en< 


Id* 

W^gitf«Mtrf  A»  iilfiBiwiB  rfanjgg  are Britoted  into  the 
BMcruk  w  iisvH  ji  HIT  111111  4f  ^HiL  A  svMt  taste  Is  due 
99  tac^.  Traz&i  jorau..  vftaft.  jcHnate  thinaj,h  tte  entire 
tfc^wusoL  jai£  aAkc  ±  ■rvvtiw&fEv-  adilf  aad  plansatily.  A 
M«risww  3$^CKDM«£>5  ?nq{ft^  wgjufar^iws;  Aetasteof  fat 
^T  «]iu£L  "Tftm.  Tnnni  >ini».  Tht-  ateSK  •(  a  vkite  ofaieci  aie 
'"t£k»  sfef  inwr  jiir9a»  <if  a  ilhilT  "  Aift  is.  tkej  aie  wdl- 
vtm»Ae*L.  ac&£  slitfv  ^nec  m  ilhafliai  :  Asse  «f  a  blade  object, 
tA  Aif  ^vncrtcT.  «m  Tnqpb.  »£  iwii  n  a  wmtt  cast  shadows. 
0^t«vii»  ihitc  4R  $imMC&  m  At  awwi  fes^re  their  atosui  rega- 
tiiyri^  :UTaii^«l:  :«iD|AL4dpM»hspreAcn'^iasiRCpnlsriyar^ 
ranyv^  Ifeg  5it&tiK6ii»  ^ttaflsaw  tias  iftiuM  praeat  are  doe 
»N  «a^  Hf  she  dfaKraeser  of  their  jsnai^  tat  also  to  ^e  qiiick- 
»MS  «M^  jitfv:M«*>  v^Bh  vlkAck  4»  tMauaics  More,  and  the 
MMSMflarr  «5Mit$tfiT  <ti  she  J£r  Aj!«a^  which  they  BOTe. 

RrfMv  ;«KiSta^  a»  the  9i^^«&ii|7  <sl  Plsio  and  Aristotle, 
w«  atafty  vi^TVS^  a  ftew  wwn&$  «»  ^  j|wsiiiingiril  views  of 
Ae  pcv-^>ix*cHSi!C  ph^»wa>9h0nL  whkh  Aiow  aa  iastrnctiTe 
tigpht  «poa  Aetr  pi$.TvhtriN^MiL  ith»t. 

H«rM£tc%$^  £&qM«&KUAs^  aaul  IVmjui  iia  \  ajpwe  la  snbscrib- 
iSiP  n>  Aie  the«M«gs  Aat  C£k»  »  ks^^vm  br  like.  Hoaditos 
'rta»'i:.  j^mnklty  that  wi^  kairw  the  eJcHHaat  fire  bj  aieans  of 
the  lir>^  wi^htx  x$v  Eaipv«£oc>«  $w$  faither.  and  b<dds  that 
oar  N>i3«t$  tcwiiaut  w^«Ber,  «iut\  aft^i  air  ag^  wvU  as  fire,  and 
that  we  Vaow  ;ur  bv  aM«a»  of  the  air  ta  ms«  water  by  means 
of  the  w;Mer.  aad  (Mtfth  by  oHas^  «<  the  faith :  in  short,  his 
assMiatptioia  t:^  ihat.  iX  the  ej:tenfcsl  wvrid  15  to  be  known,  its 
eoasti^oenKs  mql^^  ai;^  be  th«»«e  «^  sheka^wia^  snbjeet.  This 
th««>TT  may  have  N>aad  <vttilraat>i»  ii»  his  «ind  in  theobser- 
ration  that  the  indiriaaal  $eei$e«  x«««aiMe  the  obfects  they 
are  fitted  to  perveive:  tha$  she  ere  not  only  perceives  shining^ 
obferts  bat  «hine$  iiseif .  the  air  in  ^e  hoUow  of  the  ear  re- 
WBible$  the  external  air.  the  $kitt  i$  sobd  and  resisting  like 
the  ob)eets  it  n>Qchei$k  etv-  KMpedoeles  farther  states  that 
the  blood  is  adapted  u>  be  the  suNstiatnai  of  thooght  because 
it  contains  all  the  elexoents  mixed  to^iecher.  and  that  this  is 
especially  true  of  the  Noo^l  in  the  aei^Uwhood  of  the  heart. 
Democritns  adopts  the  same  view  when  he  says  that  we 
perceire  everything  with  that  }^u%  of  onr  nature  which  is 
allied  to  it.  aiM)  that  the  closer  the  re^emlrfance  between  the 
two  the  more  exact  the  sensation.  He  draws  from  this  view 
a  couple  of  sagacious  infervnce« :  that  there  are  probably 
many  things  which  we  do  not  perceive  because  they  are  not 
suited  to  onr  senses ;  and  that  other  beings  may  have  senses- 
whieh  we  do  not  possess. 
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Aimxa^oraK,  on  the  other  hand,  is  obliged,  in  consistency 
with  his  fnndamental  principle,  to  break  with  the  theory  that 
like  is  known  by  like  ;  for  mind  is  altogether  unlike  the  ma- 
terial things  it  knows.  Now  one  thing  actfi  upon  another  by 
pJianging  it  into  its  own  likeness;  like  therefore  makes  no 
impression  npon  like,  for  it  produces  no  change  in  it;  only 
anlike  can  act  upon  nnlike  in  snch  a  way  aa  to  alter  it. 
Knowledge  therefore  depends  upon  the  percipient  subject  be- 
ing nnlike  the  pei-ceive*l  object.  iVnaxagoras  thus  appears 
to  recognize  that  sensation  is  a  qualitative  (change  of  the 
sabject,  which  cannot  be  produced  by  that  which  resembles 
the  latter.  He  has  not  far  to  seek  for  observations  to 
bear  out  this  view;  for  instance,  temperature  sensations 
depend  upon  the  skin  being  either  warmer  or  colder 
than  the  object.  He  applies  the  same  analogy  to  vision : 
vision,  he  says,  consists  in  a  reflection  of  the  object 
in  the  eyeball,  but  the  l)ackgroiind  upon  which  it  is  reflected 
must  be  of  a  different  color  from  the  object,  and  this  is  why 
we  cannot  see  in  the  dark,  for  all  objects  are  then  of  the  same 
color  as  the  interior  of  the  eye.  Unlike,  then,  is  always 
perceived  by  unlike.  Since  everything  is  in  everything 
else,  our  bodies  must  ct^mtaln  particles  of  all  possible 
substances;  and  this  enables  us  to  perceive  every  quality 
of  external  objects  by  means  of  its  opposite  in  ns  —  the 
rough  by  means  of  the  smooth,  the  bitter  by  means  of  the 
Bweet,  etc. 

Parmenides,  Heraclitiis,  Empedocles,  and  Democritus  all 
distinguish  expressly  Iwtwwn  pen-eption  and  thought,  and 
give  the  pi-eferenoe  to  thought  as  the  only  trustworthy  source 
of  knowletlge.  I'armeuide.H  does  so  because  the  senses 
make  it  appeitr  as  if  there  were  such  a  thing  as  change ;  Hera- 
clitos.  because  they  make  it  appear  as  if  there  were 
such  a  thing  att  permanence.  Even  Democritus,  in  spite 
of  the  consistent  materialism  of  his  theory,  is  obMg*Hl  to 
recognize  the  superiority  of  thought;  for  the  atoms  of  which 
all  things  are  ultimately  composed  are  imperceptible  to  sense, 
and  must  therefore  be  known  by  means  of  some  higher  faculty. 
Yet  he  says  that  the  difference  bt^tween  perception  and 
thought  is  only  one  of  degree,  the  knowledge  of  the  intellect 
being  merely  more  at'ute  thnn  that  of  the  senses ;  for  t>oth 
consist  solely  in  mat-erial  changes,  and  are  produced  in  the 
same  manner,  by  means  of  mechanical  impressions  from  with- 
out. Indeed,  it  is  difficult  to  gee  from  the  account  he  gives 
how  perception  and  thought  are  differentiated  from  each 
other.  Tet  Democritus  thinks  very  differently  of  tJieir  worth  ; 
sensible  knowledge,  he  says,  is  "dark,'*  the  only  genaine 
knowledge  is  that  of  the  intellect. 
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V. 

The  distinctive  position  of  (he  Sophists  is  that  of  scepticism 
in  regard  to  the  possibility  of  objective  knowledge.  Demo- 
critits  had  observed  that  colors,  sounds,  et-c.,  are  affections 
of  the  subject,  not  cjualitiea  belonging  to  material  things  in 
themselves.  The  Sophists  generalize  this  observation,  and 
maintain  that  all  qualities  and  attributes  without  exception, 
in  short  the  total  content  of  knowledge,  is  merely  a  subjective 
state.  This  insight  leaves  it  an  open  4|uestion  whether  the 
content  of  knowledge  reproduces  the  actual  relations  of 
things.  It  is  possible  to  doubt  whether  it  does :  and  this 
doubt  is  Sophisticisin. 

One  of  the  principal  Sophists,  Prota^oras^  bases  his  theory 
upon  Heraclitus'  doctrine  of  eternal  flux.  The  universe,  he 
Bays,  consists  of  nothing  but  a  vast  multitude  of  colliding 
motions.  Every  sensation  is  the  result  of  two  such 
motions;  a  color- sensation,  for  instance,  arises  when  a 
motion  approaching  the  eye  from  without  collides  with 
the  motion  that  constitute.s  the  glance  of  the  eye.  And 
every  other  state  of  mind  is  produced  in  the  same  way  — 
pleuHure  and  pain,  desire  and  fear,  knowledge  and  thought. 
It  follows  that  things  exist  only  as  they  appear,  aud  that  ats 
they  apiiear  to  every  man,  so  they  are.  That  things  exist 
apart  from  appearances,  is  an  assertion  that  cannot  be  sub- 
stantiated. 

Plato  relates  in  the  Phaedo  that  Socrates  had  accepted  as  a 
^outh  the  traditional  notion  of  the  sonl,  but  had  subsequently 
lost  confidence  in  it.  He  would  always  ask  '*  whetiier  it  is 
the  blood  by  virtue  of  which  we  are  rational,  or  air,  or  fire!" 
The  explanations  of  the  philosophers  were  so  unsatisfactory, 
that  he  rcvsolved  to  abaudou  psychological  and  cosmologi(»l 
investigation,  l>elieving  it  a  waste  of  time,  and  ever  after 
expressing  contempt  for  a  knowledge  thatha*!  no  bearing  upon 
action.  Socrates  agrees  with  the  Sophist-sin  holding  that  knowl- 
edge is  a  stateof  the  subject,  butdeclines  to  draw  the  conclusion 
that  universal  and  necessary  knowUnlgc  is  therefore  im]>ossi- 
ble.  He  holds  that  side  by  side  with  our  perceptions  we 
have  mental  states  of  a  different  kind  which  enable  us  to  dis- 
tinguish l>etwi>en  tJio  true  and  the  false — namely,  eoncej>t«  or 
class-ideas.  The  business  of  philosophy  is  the  investigation 
of  tliese  aud  tlie  detcrnii  nation  of  their  proper  content ; 
and  we  read  in  Xenophon  and  Plato  how  Socrates  would  dis- 
cuss the  meaning  of  beautiful  and  ugly,  just  and  unjust,  pious 
and  impious,  tlie  essence  of  prudence  and  folly,  the  nature  of 
the  family  and  of  the  stat**,  etc.  He  believed  that  all  men, 
when  they  think  consistently,  have  identical  concepts  aboot 
such  matters,  and  that  therefore,  however  their  i^rceptions 
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may  differ,  they  have  objecdre  knowledge,  at  least  in  moral 
matters,  by  virtue  of  their  concepts. 

The  philosophy  of  Plato  is  the  first  gre^t  systematic  ex- 
pression of  that  tendency  of  thought  which  places  mind  before 
matter  as  the  first  principle  of  things.  Such  a  philosophy 
involves  the  consequence  that  the  ultimate  ground  of  all 
existing  things  must  be  sought  in  the  domain  of  ethics ;  and 
so  it  comes  about  that  the  psychological  views  of  Plato  are 
largely  influenced  by  ethical  considerations. 

The  work  of  previous  philosphers  has  left  the  postulate 
that  the  ultimate  ground  of  existence  must  be  unitary,  in  eon- 
trast  to  the  multiplicity  of  phenomenal  things,  and  constant, 
in  conti-ast  to  their  ceaseless  flux.  The  concepts  of  Socrates 
seem  to  Plato  to  suggest  a  better  hypothesis  in  regard  to  the 
ground  of  existence  than  any  yet  propOKed.  For  the  unity  of 
the  concept  contrasts  with  the  multiplicity  of  the  individual 
objects  to  which  it  applies,  and  its  fixity  contrasts  with  their 
endless  variability.  Fui-thermore^  concepts  form  an  articu- 
lat«  system,  the  lower  being  included  in  the  higher,  and  a 
highest  concept  including  all  the  others.  Now  perception 
merely  reveals  to  us  the  outward  shows  of  things,  while 
thought  acquaints  ns  with  their  inner  reality.  If  then,  every 
percept  corresponds  to  some  external  reality,  how  much  more 
must  every  concept  have  a  reality  corresponding  to  iti  The 
realities  that  correspond  to  concepts  aie  the  Platonic  Ideas, 
and  the  highest  Idea,  which  includes  all  the  others,  is  the 
Idea  of  the  Good. 

Our  two  faculties  of  perception  and  thought  thus  reveal  to 
us  two  disparate  worlds :  perception  nweals  a  world  of 
individual  objects,  where  all  is  multiplicity  and  change; 
whereas  thought  opens  up  to  us  a  realm  of  supersensible 
essences,  which  together  constitute  a  unitwry  spiritual  being, 
the  Idea  of  the  Good.  Since  the  relations  of  the  Ideas  corres- 
pond exactly  to  the  relations  of  the  concepts  by  which  we 
know  them,  we  can  find  out  all  about  reality*  by  turning  our 
attention  inward  and  investigating  the  mutnal  relations  of 
our  concepts.  Here  we  have  the  great  original  of  the  a 
priori  type  of  philosophy,  which  disdains  experience  and 
undertakes  to  discover  truth  by  the  eflort  of  unaided  thought. 

It  might  be  expected,  since  all  souls  form  a  class,  that 
Plato  wonld  recognize  an  Idea  of  the  soul.  But  since  the 
contrast  1>etwecn  tlie  Ideas  and  their  individual  copies  is  that 
between  the  eternal  and  the  transitory,  this  would  be  equiva- 
lent to  denying  the  immortality  of  the  soul,  which  his  ethical 
interest  forbids.  He  thert-fore  assigns  to  the  soul  a  middle 
position  Ix'tween  Ideas  and  individual  things.  He  says,  more- 
over, that  though  there  is  no  Idea  of  the  soul,  there  is  an  Idea 
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with  which  it  is  indisjtolubly  connected,  namely  the  Idea  of 
life;  which  is  as  mnch  as  to  say  that  the  soni  is  the  principle 
of  life.  Plato  lielieves  that  the  world  as  a  whole  is  animated  by 
a  soul.  For  the  world  is  a  copy  of  the  Idea  of  the  Good,  and 
mast  therefore  l>e  as  perfect  as  possible ;  now  what  has  rea- 
Bon  is  more  perfect  than  what  has  not,  but  only  soul  has 
reason :  hence  the  visible  world  must  hare  a  soul.  Hence, 
in  the  Timaeus,  Plato  calls  the  risible  world  "a  blessed  god.'* 

Plato's  statements  regarding  the  natui*e  of  thn  soul  are 
made  in  the  first  instance  with  reference  to  the  world-soul. 
He  says  that  the  soul  existed  jfirst,  and  the  body  was  formed 
afterwards,  thus  recognizing  the  jtriority  of  the  soul  to  the 
body.  The  soul  is  not  u  mere  harmony  of  the  body,  as  the 
Pythagoreans  maintained  ;  if  it  were,  it  would  perish  with  the 
body.  It  haji  harmony,  but  that  does  not  exhaust  its  being. 
It  is  a  substance,  diffused  in  harraonions  proportions 
throughout  the  visible  world.  The  essential  qualities  of  this 
substance  are  simplicity,  inrisibility,  and  Incorporeality. 
The  activity  of  the  soul  is  twofold,  consisting  partly  in 
motion  and  partly  in  knowledge.  The  soul  is  the  original 
source  of  motion,  for  it  alone  is  self-moving;  all  other 
things  receive  their  motion  from  without,  but  the  soul 
moves  itself,  and  in  moving  itself  moves  the  body.  The 
soul  knows  all  things,  for  it  has  the  most  perfect  kind  of 
motion,  the  circular,  by  which  it  "returns  into  iUelf 
and  informs  itself  of  everything  it  has  met  in  its  course." 
All  inferior  beings  have  their  soul  by  participation  in  the 
world-soul.  The  highest  individual  souls  are  those  of  the 
heavenly  bodies,  next  come  the  souls  of  men.  The  end  for 
which  the  hnman  soul  exists  is  the  attainment  of  rational 
knowledge,  for  the  soul  is  by  nature  '*  fond  of  learning." 
"  As  the  eye  is  fitted  to  perceive  the  sunlighl.  so  is 
the  soul  to  contemplate  the  Idea  of  the  Good.''  Now 
the  contemplation  of  the  Idea  of  the  Good  is  possible 
only  by  rising  al>ove  sense-experience,  and  sense-experience 
has  its  sonree  in  the  body.  The  body  is  thus  little  mora  tlian 
a  hindrance  to  the  soul ;  it  is  a  misfortune  to  the  soul  to  be 
imprisoned  in  it;  the  body  is  tlie  grave  of  the  soul. 
The  soul  did  not  always  dwell  in  the  body,  but  des- 
cended into  it  from  a  former  celestial  state ;  in  its  proper 
nature  it  has  no  need  of  the  body  ;  it  lives  bt^st  and  happiest 
when  it  pays  as  little  attention  to  the  body  as  possible.  For 
the  proper  activity  of  the  soul  is  thought,  or  the  contempla- 
tion of  ideas,  and  to  this  the  body  can  be  no  help,  but  only  a 
hindrance. 

Since  the  soul  existed  before  it-s  union  with  the  body  in  a 
better  state,  in  which  it  was  entirely  occupied  in  pure  thought, 
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it  is  evident  that  tbe  sensible  part  of  the  soul  does  not  belong 
to  its  real  nature.  Plato  therefore  divides  the  soul  into  two 
parts,  one  immortal,  the  other  mortal ;  and  tlie  latter  he  sub- 
divides into  two,  a  nobler  and  an  ijpiobler  part.  We  thus 
have  thre«  parts  of  the  soul : 

1.  A  rational  or  immortal  part,  whose  activity  is  thought. 

2.  A  nobler  mortal  part,  to  wliich  belong  conrsijje,  anger, 
love  of  |)Ower,  and  in  general  the  better  and  stronger  states 
states  of  feeling. 

3.  An  ignobler  nioital  i>art,  to  which  belong  pleasure  and 
pain,  and  nil  the  sensual  apjtetites  and  passions. 

In  proof  that  these  three  are  not  merely  distinct  forms  of 
activity,  but  separate  parts,  Plato  instances  the  fact  that  desire 
is  sometimes  at  strif<^  with  reason,  and  sometimes  lights  on 
its  side  :  activities  so  independent  of  each  other  must  spring 
from  separate  causes.  How  this  trinity  of  parts  is  to  be 
reconciled  with  the  unity  of  the  soul,  Plato  does  not  explain  ; 
they  are  in  reality  three  <*onnectcd  beings,  not  one  Iwing. 
Each  of  the  three  parts  has  its  special  bodily  seat.  That 
of  thought  is  the  head,  and  the  senses  are  the  instruments  it 
employs  ;  that  of  courage  is  the  breast,  and  particularly  the 
hcait;  that  of  desire  is  the  belly.  The  liver  is  the  seat  of 
imajjination,  by  means  of  which  reason  rules  desire  j  "  upon 
it«  polished  surface  reason  <xiuses  now  tt^rrifying,  now 
diverting  images  to  l)e  rettect<»il,  she  alters  its  natural  sw^eet- 
ness  and  color  by  the  introduction  of  bile.  an<l  so 
either  frightens  or  soothes  the  appetitive  part  into  olHHli- 
encc."  Hut  the  soul  is  also  mingled  with  the  spinal  marrow. 
That  part  of  the  marrow  which  is  rounded  into  a  ball  and  en- 
closed in  the  skull  contains  the  divine  part  of  the  soul ;  liie 
r(?mainder  of  the  marrow  contains  the  mortal  purt.  Roth  of 
these  parts  are  cnsheatheit  in  a  case  of  bont^,  the  lower  end 
of  which  is  conn6<^t€d  by  a  tube  with  the  passage  for 
drink,  by  which  liquids  pass  through  the  lungs  and  into  the 
bladder;  through  this  tube  the  seed  makes  its  escape,  for  the 
seed  eomes  from  the  mari*ow  and  therefore  contains  soul. 

The  sense  physiology'  of  Plato  marks  no  advance  Ixsyond 
that  of  Ucmocritus.  He  observes  tliat  as  a  rule  only  movable 
parts  have  sensation  ;  those  that  cannot  l)e  voluntarily  moved, 
aa  for  exami)le  bones  and  hair,  are  insensitive.  Sensation 
arises  whenever  an  external  impression  communi«it(j;s  a 
motion  to  the  l>ody,  and  this  motion  is  propa^itetl  as  far  as 
the  soul.  As  to  what  condnets  those  motions,  Plato  thinks 
it  is  the  blood  in  the  blood-vessels,  owing  to  its  mobility; 
for  both  Plato  and  Aristotle  are  unaequainted  with  the  nerves. 
U  the  motion  of  the  blood  t;ikes  place  very  gnwlually,  no  sen- 
sation is  produced ;  if  it  takes  place  quickly,  but  easily  and 
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without  obstraction,  we  have  clear  perception,  without  pleaa- 
nreorpain  ;  bat  it  it  causes  a  sensible  raising  or  lowering  of 
the  general  state,  in  the  one  case  pleasure  arises,  in  the  other 
pain.  Sensations  of  smell  arise  when  vapors  penetrate  into  the 
blood-vessels  between  the  head  and  the  navel,  and  cause  there 
either  a  rough  or  a  gentle  motion.  Sensations  of  tast«  depend 
upon  the  contraction  or  dilatation  of  the  blood-vessels  of  the 
tongue.  Auditory  sensations  arise  when  exU^mal  sounds  set 
in  motion  the  air  in  the  int-erior  of  the  ear.  Visual  sensa- 
tions are  produced  when  the  fire  emitted  by  the  Inminone 
body  collides  with  the  fire  that  dwells  in  the  interior  of  the  eye. 
Finally,  Plato  distingnishes  from  sense-perception  the  fac- 
ulty of  thought,  by  means  of  which  we  compare  our  sensa- 
tions, recognize  their  relations  to  one  another,  and  infer  from 
them  the  existence  of  actual  objects  ;  but  the  highefit  exercise 
of  thought  is  the  contemplation  of  the  divine  Ideas. 

VI. 

Ansfotle  aims  in  his  Metaphysics  to  explain  the  uni- 
verse by  indicating  the  principles  that  enter  into  its  construc- 
tion. He  finds  that  these  are  four  in  number:  first,  th& 
material  cause,  or  stuff  of  which  the  universe  is  composed  ; 
secondly,  the  formal  cause,  or  idea  of  which  it  is  a  realization ; 
thirdly,  the  efficient  cause,  or  motive  force  which  brought  it 
into  being;  and  fourtlily,  the  final  cause,  or  end  which  its  ex- 
istence subserves.  These  four  principles  —  matter,  form, 
motive  force,  and  end — must  cooperate  to  produce  the  uni- 
verse as  a  whole  or  any  portion  of  it. 

If  we  try  to  classify  these  principles  with  reference  to  the 
source  from  which  they  come,  we  have  on  the  one  side 
matter,  whicb  must  in  every  case  be  famished  from  without ; 
and  on  the  other  side  the  ideal  form,  the  efficient  act,  and  the 
purpose  or  end,  all  o(  which  have  their  origin  in  the  mind. 
It  Uius  happens  that  these  last  three  tend  te  coalesce 
into  a  single  principle  called  Form,  which  stands  op- 
posed to  matter  as  that  which  originates  in  the  mind 
to  that  which  originates  from  without.  Matter,  though 
the  raw  material  out  of  which  all  existing  things  are 
formed,  is  in  itself  formless  and  chaotic ;  it  is  likewise 
wholly  passive  and  unable  to  move  itself.  Form,  on  the 
other  hand,  is  the  principle  of  activity  and  the  original  source 
of  motion.  It  is  tliat  which,  by  supervening  upon  unformed 
matter,  transforms  it  inte  a  concrete  object,  and  may  there- 
fore \y&  said  to  be  the  ideal  of  the  concrete  object  it  subse- 
quently becomes.  In  fact,  it  is  Aristotle's  substitute  for  the 
Platonic  Idea,  and  is  even  occasionally  called  by  the  same 
name.  But  there  is  an  important  difference  between  the  Platonic 
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Idea  and  the  Aristotelian  Fomi.  Plato  represented  the  Ideas 
as  existing  apart  Irorn  concrete  obje<;t8  in  a  transcendental 
realm  o!  their  o\vn;  Aristotle  maintains  that  they  must  be 
immanent  in  the  obj(M-ts  themselves.  Only  individual  things, 
according  to  Aristotle,  are  real  in  the  proper  sense  of  the 
term;  Forms  or  Ideas,  ai>art  from  the  individual  things  in 
which  they  are  realized,  ai*e  mere  fijcments  of  the  imagination. 
As  in  Plato,  the  ideal  or  Idea  of  an  individual  object  is  identi- 
fied Willi  the  generic  in  it,  that  is,  with  that  assemblage  of  traits 
which  makes  it  member  of  a  class.  But  what  is  most  foreign 
to  onr  habits  of  thought  is  the  a^tsumption  that  the  generic  in 
an  individual  object  is  not  a  mere  part  of  its  description,  but 
the  active  force  that  causes  all  the  changes  it  undergoes. 
Change,  on  this  view,  consists  not  so  much  in  Matter  taking  on 
new  Forms,  as  in  the  Forms  successsively  taking  possession 
of  Matter.  Matter  already  contains  within  itself  potentially  jiU 
thn  various  things  it  is  capable  of  lK?coinitig  :  when  thn  Forms 
eupervene  upon  it,  this  potentiality  becomes  an  actuality. 
Change  may  therefore  l>e  conceived  as  the  transformation  of 
a  potentiality  into  an  actuality. 

We  are  now  in  a  position  to  understand  Aristotle's  defini- 
tion of  the  soul  and  his  view  of  the  relation  between  it  and  the 
body,  Plato  may  be  said  to  have  conceived  the  union  of  soul 
and  body  as  the  spatial  juxtaposition,  as  it  were,  of  two  inde- 
pendent suhstauees.  Aristotle,  on  the  other  hand,  rcganls  man 
as  an  organic  whole.  He  says  that  the  nature;  of  each  part 
must  contain  the  i-cason  for  its  union  with  the  other.  Of  this 
organic  whole  the  soul  is  the  more  significant  side,  yet  we 
cannot  Bay  that  the  soul  is  the  true  man  and  the  body  a  mere 
appendage.  The  soul  does  not  think,  feel,  learn,  etc.,  but 
the  man  does  so  by  means  of  his  soul.  Old  age,  illness,  drunk- 
enness, etc.,  are  not  stAtes  of  the  soul  alone,  nor  of  the  body 
alone,  but  of  the  unitary  Iteing  that  soul  and  body  constitute. 
The  soul  is  primarily  the  cause  of  life.  Now  life  consists 
essentially  in  the  power  of  self- movement,  in  the  capacity  of 
a  being  to  produce  chauges  in  itself  spontaneously,  whether 
Uiese  changes  are  of  a  gross  (character  visible  to  the  eye,  as 
in  locomotion,  or  are  limited  to  the  minute  internal  move- 
ments tliat  constitute  nutrition  and  growth.  We  thus  have 
a  t>ody  in  which  changes  are  produced,  and  an  inner 
principle  which  produces  them,  and  the  relation  of  the 
two  is  exactly  that  between  Matter  and  Form.  Since  the 
body  cannot  move  or  chauge  itself,  it  must  l>e  of  the  naturi.^  of 
Mutter  ;  and  the  soul,  as  that  which  moves  and  produces 
changes  in  the  body,  must  be  of  the  nature  of  Form. 

Since  all  matter  is  the  potentiality  of  that  which  it  can 
become,  the  body  must  be  the  potentiality  of  a  living  bein,  ; 
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and  since  the  soul  is  that  which  transforms  this  potentiality 
into  an  actuality,  the  soul  may  be  4lesrril)ed  hh  the  entelec/ty 
or  actuality  of  a  living  beinp.  But  tho  word  entelecfiy  is 
ambiguous,  for  it  may  mean  either  the  actnalizing  agency,  or 
the  u(^tivity  of  actualization.  The  soul  is  an  entelechy  in  the 
former  sense,  for  it  exists  even  during  sleep,  when  its  func- 
tions are  suspended;  the  soul  is  thus  the  ever-present  possi- 
bility of  the  functions  of  life.  To  indicate  that  the  soul  is  an 
etitelechy  in  the  sense  of  an  actualizing  agency,  Aristotle  calls 
it  the  Jir»t  enfeierfit/,  and  his  definition  therefore  reads; 
tho  soiil  is  the  first  entderhy  of  a  natural  organic  Ixtdy  that 
has  in  it  the  poteutialiiy  of  life.  Since  the  soul  is  tlie  form 
of  the  body,  it  must  be  immaterial ;  bnt,  though  immaterial, 
it  cannotexist  apart  from  matter.  Indeed,  Aristotle  mentions 
a  special  kind  of  matter  with  which  the  soul  is  directly  con- 
nected, and  with  which  it  passes  in  generation  from  one  being 
to  another.  This  ho  sometimes  designates  as  warmth,  some- 
times as  the  breath  ;  be  describes  it  as  of  nobler  nature 
than  the  four  elements,  and  as  resembling  ether.  The 
solution,  then,  of  the  problem,  how  soul  and  body  can 
constitute  a  single  being,  is  that  the  two  belong  to  totally  dif- 
ferent orders  of  existence.  Like  form  and  matter  everywhere, 
they  are  distinguishable  in  thought,  bnt  they  cannot  exist 
separately,  any  more  than  the  eye  and  vision  can  exist  sepa- 
rately. 

Plato  not  only  distingaished  three  parts  of  the  sonl,  bat 
assigned  tx>  them  separate  seats  in  the  b<Kly.  Aristotle  raises 
the  question  whether  such  spatial  separation  can  consist  with 
the  unity  of  the  soul,  and  decides  that  it  cannot.  He  there- 
fore contents  himself  with  enumerating  the  classes  into  which 
psj'chical  manifestations  (all,  and  distinguishes  four: 

1.  Nutrition  and  growth —  the  nutritive  part. 

2.  Sensation  and  perception  — the  sensitive  part. 
S.  Desire  and  locomotion  —  the  locomotive  part. 
4,     Thought  —  the  rational  part. 

Of  these  four,  plant^t  jwssess  only  the  nntriUve  soul;  ani- 
mals have  this  and  the  sensitive  soul  as  well.  The  lowest 
kind  of  sensation  is  touchy  and  this  all  animals  possess;  with 
touch  go  always  pleasml^  and  pain.  Most  animals  have  loco- 
motion as  well  as  .sensation,  and  with  this  desire.  Man, 
finally,  possesses  in  addition  to  the  nutritive,  the  flensitive, 
and  the  locomotive  sonl  the  highest  form  of  psychical  activity, 
rational  thought.  It  thns  apjiears  that  the  lower  parts  can 
ocvnv  without  the  higher,  bnt  not  the  higher  without  the  lower. 
Notwithstanding  Uiese  various  forms  of  psychical  activity, 
it  is  tbe  same  identical  soul  which  manifests  itself  in  them  all. 
If  the  sonl  consisted  of  several  juxtaposed  pieces,  it  wonld  be 
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held  together  by  the  body ;  whereas  in  reality  the  body  is 
held  together  by  the  soul. 

The  central  orgnn  of  psychical  activity  is  the  heart,  not  the 
brain,  whose  hmotioa  is  merely  that  of  cooling  the  blood.  The 
heart  is  the  organ  both  of  sensation  and  of  locomotion. 
Tactual  sensations  are  propagated  to  the  heart  through  the 
flesh,  all  others  through  certain  "channels,"  by  which 
Aristotle  undoubtedly  means  the  blood-vessels,  for  he  knows 
nothing  of  the  nerves.  The  heart  also  causes  the  movements 
of  the  limbs. 

Sensation  is  the  most  distinctive  characteristic  of  the  ani- 
mal HH  compared  with  the  plant.  It  consistc  in  "an  alteration 
brought  about  by  the  perceived  object  in  the  percipient  sub- 
ject tlirough  the  medium  of  the  body."  This  alteration  Is  of 
such  a  sort  that  the  percipient  subject,  functioning  as  matter, 
taJces  upon  itself  the  form  of  the  perceived  object.  Sense- 
perception  may  therefore  be  defined  as  the  reception 
of  the  form  of  an  object  without  its  matter.  The 
action  of  objects  upon  the  senses  always  takes  place 
through  some  medium;  in  the  case  of  vision  this  medium  is 
light,  in  that  of  hearing  air^  in  that  of  smell  moisture.  In 
touch  and  taste  there  seems  to  be  no  medium,  but  there 
is  one,  namely  the  flesh,  and  the  true  organ  of  these 
senses  is  therefore  not  the  skin,  but  the  heart.  The 
fact  that  by  touch  wii  perceive  so  many  pairs  of  oppo- 
Bites — hard  soft,  rough  smooth,  dry  wet,  warm  cold— sug- 
gests to  Aristotle  the  doubt  whether  it  is  really  a  single 
sense;  which  he  silences  with  the  remark  that  the  other 
senses  also  perceive  more  than  one  pair — hearing,  for  exam- 
ple, perceives  not  only  differences  of  ])itch  (high  low),  but 
also  differences  of  intensity  (loud  soft),  roughness  and 
smoothncsH  of  voice,  et«.  The  senses  of  touch  an(l  taste  are  so 
indispensable  to  existence  that  all  animals  possess  them. 
They  are  the  lowest  senses,  for  they  minister  to  the  lowest 
functions,  those  of  nutrition  and  reproduction.  Bight  and 
hearing,  on  the  other  hand,  stand  highest,  for  they  are  the 
means  by  which  the  intellect  is  developed;  and  of  the  two, 
hearing  is  the  superior  sense,  because  upon  it  the  communica- 
tion of  idt»aH  bj'  m«*anM  of  languagt*  depends.  Aristotle  en- 
deavors to  prove,  as  against  Democritus,  that  it  is  impos- 
sible there  should  t>H  other  senses  than  the  hve. 

Each  of  the  senses  yields  ns  a  kind  of  sensation  peculiar  to 
itself  alone  ;  for  instance,  vision  alone  yields  color,  smell  alone 
odor,  etc.  But  there  are  other  qualities  of  objects  which  are 
common  to  the  perceptions  of  all  the  senses,  namely  such 
universal  qualities  as  number,  size,  and  form,  motion  and  rest, 
and  time.  Now  we  cannot  suppose,  to  take  an  example,  that  the 


space  we  see  is  a  different  space  from  that  we  touch  ;  but  if 
they  arc  one  and  the  same  space,  they  must  be  perceived  by 
one  and  the  same  faculty;  and  therefore  not  by  eight  nor  by 
touch,  but  by  some  deeper-lying  faculty  which  functions  in 
connection  with  both  these  senses.  This  faculty  AjIs- 
totle  calls  the  ftetistt^f  communiA.  It  is  this  faculty  by 
which  we  compare  and  distinguish  the  data  of  the  different 
senses,  for  no  single  sense  cah  compare  what  it  perceives 
with  what  is  perceived  by  some  other  sense.  It  is  this 
faculty  which  considers  our  sensations  as  representing:  some- 
thing objective,  for  the  individual  senses  cannot  jud^ri*  of  tliis, 
but  can  only  feel  what  they  feel.  It  is  this  faculty,  finally, 
upon  which  self  consciousness  dex>ends,  for  ** sight  i^rceives 
only  what  is  colored,  and  if  sight  perceived  seeing,  seeing 
would  itself  have  to  be  colored." 

The  stnjitt»  communis  is  also  the  faculty  of  imagination  and 
of  memory.  Imagination  Is  an  after-effect  of  sensatioUf  a 
weakened  form  of  sensation.  For  the  commotion  produced 
by  the  original  impression  persists  in  the  sense-organ,  and 
when  it  is  again  propagated  to  the  heart,  it  causes  a  revival  of 
the  original  sensation  in  the  absence  of  the  object  that  caused 
it.  When  this  image  is  not  only  revive*!,  but  regarded  as 
the  copy  of  the  previous  sensation,  we  have  memory;  and 
the  voluntary  reproduction  of  a  memory  is  recollection. 
Becollection  is  rendered  possible  by  the  fact  that  the 
organic  motions  which  accompany  the  images  of  memory 
have  a  mutual  connection,  of  such  a  sort  that  one  calls  up 
another ;  and  the  reason  for  this  connection  may  lie  in  their 
similarity,  tJieir  contrast,  or  their  previous  conjunction  in 
time.  Imagination,  finally,  fnmishes  the  visions  we  see  in 
our  dreams,  as  well  as  the  images  that  accompany  thought. 

Thought,  or  reason,  is  the  highest  of  the  mental  faculties^ 
and  is  that  which  distinguishes  man  from  the  lower  animals. 
Though  distinct  from  sense-j)erception,  it  deals  with  the 
same  objects,  that  is,  witli  the  images  which  sense -perception 
furuishes.  But  it  is  concemetl  with  a  different  aspect  of 
them  from  that  which  occupies  sense-perception,  namely  the 
generic  in  them.  It  is  also  concerned  with  relations  such  aa 
likeness  and  unlikeness,  cause  and  effect,  form  and  matter,  etc. 
Aristotle  distinguishes  two  kinds  of  reason,  the  active  and 
the  i»assive,  corresponding  to  the  distinction  that  everywhere 
obtains  between  form  and  matter,  and  teaches  that  the  co- 
op<Tation  of  these  two  is  necessary  to  actual  thought.  Thought 
as  matter  he  cjUIs  thejMissive  reason ;  thought  aa  form  his  later 
followers  call  the  active  rea.son.  To  understand  this  some- 
what difficult  distinction,  we  must  recur  to  Ai-istotle's  explan- 
ation of  sense-perception.     As  in  sense-perceptiou  the  human 
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fticulty^  functiouingaainatter,  takes  on  tlie  form  of  the  external 
object,  so  in  rational  thought  the  human  faculty,  or  passive 
reason,  as  matt'Cr,  aDit>eB  with  the  conceptaal  relations  that  are 
immaueut  in  our  percepts,  a8  form,  an<l  it  is  these  conceptual 
rehitions  which  ^Vristotle  desij^nates  as  the  active  reason. 
When  the  two  nnit<^,  actual  thought  is  the  result.  The 
Bti-ant^'cness  of  this  distinction  lies  in  the  fact  that  Aristotle 
attributes  the  activity  that  manifests  itaelf  in  thought  to  the 
content  thought  about.  From  this  point  of  view  it  would  seem 
less  correct  to  say  that  we  think  thonghte  than  that  thoughts 
think  us.  Aristotle  says  that  the  passive  reason  comes  into 
existence  with  the  body  and  perishes  with  it,  and  during  life 
participates  in  its  states.  But  the  active  reason  bos  nothing  to 
do  with  the  life  of  the  body:  has  no  bodily  organ ;  does  not 
come  into  existence  by  procreation,  but  enters  the  body  from 
without;  and  is  therefore  unaSfx-ted  by  the  destruction  of  the 
body.  The  immortality  of  this  part  can  have,  however, 
little  worth  for  the  individual,  for  it  possesses  neither  memory 
nor  self-consciousness. 

Though  Aristotle's  statements  regarding  the  active  reason 
may  seem  to  mark  a  relapse  into  dualism,  yet  bis  psychology 
as  a  whole  is  distinctly  monistic.  He  conceives  the  develop- 
ment of  the  soul  as  running  purallol  to  that  of  the  body, 
and  his  method  is  a  biological-developmental  one.  He  is  a 
keen  observer  of  mental  phenomena  as  well  as  a  profound 
metaphysician;  he  brings  to  l>ear  upon  psychology  as  much 
of  anatomy  and  physiology  as  was  known  in  his  time  ;  and  he 
everywhere  brings  human  into  fruitful  relations  with  animal 
psychology.  Finally,  he  delivers  psychology  from  the  pre- 
mature influence  of  ethics,  recognizing  that  ethics  depends 
upon  psychology,  not  psychology  upon  ethics.  It  is  these 
merits  which  make  AristoUe  the  greatest  psychologist  of  anti- 
quity. 


I. — The  Effect  of  Foeeknowledge  upon  Kepetitiok — 

TIME&. 

(With  the  aasietance  of  Frederick  Whitton.) 

The  ex|j€rimental  contribations  to  the  study  of  the  effect  ol 
foreknowietl^'e  upon  the  times  of  simple  mental  processes  may 
be  thns  briefly  summunized.  In  simple  reactions  the  nature 
of  the  stimnlus  is  of  course  foreknown,  bnt  the  precise  mo- 
ment of  its  appearance  and  its  intensity  may  be  left  indefiDite. 
It  has  been  found  that  the  omission  of  a  preparatory  signal, 
or  an  irreg:ular  Int^'rval  between  signal  and  stimulus,  as  also 
are  irregular  variation  between  more  or  less  intense  stimuli, 
all  lengthen  the  simple  reaction  time.  In  that  form  of  a 
distinction-time,  in  which  one  particular  stimulus  is  to  be  re- 
acted to  but  all  others  are  passed  without  reaction,  it  is  found 
that  the  larger  the  naraber  of  possible  stimtili  (and  therefore 
the  less  definite  the  foreknowledge)  the  longer  the  reaction- 
time.  In  adaptive  reactions,  with  the  number  of  modes  of 
reaction  constant  the  time  will  be  longer  as  each  mode  of  re- 
action is  connected  successively  with  one,  with  two,  with 
three  or  with  more  and  indefinitely  many  stimuli ;  the  stimuli 
may  or  may  not  be  grouiM:*<l  in  classes.  In  association-times 
Miinsterberg  has  shown  tiiat  the  preceding  of  a  question 
asking  for  a  personal  preferen**  or  judgment  between  a  pair 
of  objects,  by  the  mention  of  a  dozen  or  so  of  the  class  of 
objects  to  which  the  pair  Iselongs,  decidedly  shorfens  the  time 
of  answer  to  the  question,  in  one  series  from  947  "  to  07G  f,  i 
This  last  form  of  experiment  is  extremelj*  interesting  ;  it 
seems  to  show  that  although  we  cannot  begin  to  say,  for  ex- 
ample, whether  we  prefer  peaches  to  pears,  until  we  have 
heard  the  full  question, — "  apples,  plums,  cherries,  peaches, 
grapes,  oi-anges,   pears,  figs,   lemons,  dates^  apricots,   pine 


*  For  a  more  detailed  tcoonnt  of  these  potnti  tee  Jaatrow,  Tline-Rela- 
ttOQS  of  Mental  PhenomeDa;  pp.  15.17,  3»40,  5041,  etc. 
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apples^ — which  do  you  prefer,  peaches  or  pearsT," — yet  the 
time  needed  for  this  decision  is  much  shorter  than  when  the 
introductory  series  of  words  is  omitted. 

The  object  of  the  present  stndy  was  to  test  this  point  in  a 
much  more  simple  type  of  reaction,  and  with  a  variable  nnm- 
ber  of  possible  stimuli.  "We  selected  for  this  purpose  the 
repeating  aloud  of  spoken  words,  the  operator  called  a  word 
and  as  quickly  as  xxJ^sible  the  subject  repwited  it,  all  the  words 
used  being  monosyllables.  We  found  as  the  avei-age  of  about 
260  experiment**  with  each  of  us  that  the  time  needed  for 
doing  tiiis  when  tiie  word  mi^ht  ?>e  any  word  whafttver,  for 
J.  J.  269"  for  F.  W,  267  <'.  We  formed  list*  of  words  as 
follows :  (a)  100  very  common  verbs,  signifying  simple  a*;- 
tions;  (b)  50  common  names  of  animals ;  (c)  20  proper 
names,  such  as  John,  Frank,  Bess,  Rate ;  (d)  20  letters 
(omitting  b,  d,  m,  n,  v.  w,  as  confusing  in  sound  or  polysyl- 
labic) ;  (e)  10  common  French  words  ;  (f)  the  ten  numljers, 
*  one,'  'two,'  etc.  to  Men.'  Only  one  list  of  ejich  class  of 
words  was  used,  so  that  we  became  increasingly  familiar  with 
the  lists.  Before  ea<:h  set  of  20  experiments  the  entire  list  of 
words  from  amongst  which  the  words  for  repetition  were  to  be 
selected,  was  read  aloud.  The  following  table  shows  for  each 
of  us  the  average  time  needed  to  repeat  words  under  these  cir- 
cumstances. Each  result  expresses  the  average  of  from  240 
to  300  exp«*riment8. 

The  conclusion  thus  corroborated  is  that  a^  (he  range  o/ pos- 
sif/ie  wftrds  decreiiHea  in  exfeutj  as  the  mthjecVs  expectation  is 
more  and  more  dejivite.,  the  time  needed  to  repeat  f?te  word 
becomes  shorter,  Tt  indicates  the  power  and  the  utility  of  a 
general  direction  of  the  mind  in  the  line  of  a  more  specific 
operation  ;  the  entrance  into  the  general  field  of  attention  as 
preparatory  to  entering  its  fovea  ;  the  apiK^rception  that  pre- 
cedes preception,  or  in  Galton's  woi-ds,  the  entiance  into  the 
ante-chamber  of  consciousness  to  prepare  the  way  for  admis- 
sion to  the  audience-chamlier.  We  have  here  an  adaptive 
reaction,  each  different  word  forming  a  distinct  stimulus  and 
the  vocal  manipulation  necessary  to  repeat  it  a  distinct 
form  of  rea<'tion.  It  wouhi  seem  that  we  could  not  get  rwuiy 
to  rep«»at  a  word  until  we  know  what  the  wonl  is,  and  yet  a 
knowledge  of  the  possibilities  of  the  case  really  aids  our  ex' 
pectatioii  and  shortens  even  so  simple  a  proceRs  as  rei>etition. 
We  jwrform  the  coarse  udjustment  before  the  stimulus  Hpi>ears, 
leaving  only  the  time  of  thp.  fine  adjustment  to  be  meaflured. 
There  exists  all  degrees  of  deHniteuess  and  indefiniteness  of 
expectation,  of  fore-knowledge,  and  an  increase  of  definite- 
nettS  to  a  certain  limit  brings  about  a  shortening  of  the  men- 
tal processes  of  recognition  and  adaptation. 


While  the  resalts  are  too  few  and  too  variable  to  admit  o 
any  detailed  treatment  a  few  more  special  points  may  be 
pointed  out  as  sugf^osted  though  not  as  established.  The  ex- 
treme regularity  of  the  results,  the  gradual  decrease  from 
repetitions  of  one  of  an  indefinite  number  of  words,  to  one 
of  100,  of  50,  of  20  and  of  10,  is  doubtless  accidoutal ;  the 
times  for  repeating  one  of  50,  one  of  100  or  one  of  an  indefi- 
nite nural)er  of  words,  for  F.W.  and  of  the  latter  two  for  J.  J. 
are  practically  the  same,  and  indicate  a  limit  to  the  range  of 
expectation.  To  expect  one  of  100  words  seems  scarcely  a 
more  definite  attitude  than  to  expect  any  word  whatever. 
With  F.W.  this  seems  true  of  50  words  as  well.  It  seems 
clear  that  it  takes  less  time  to  repeat  one  of  20  words  than 
one  of  50  words,  and  least  to  repeat  one  of  the  ten  numbcirs. 
We  know  the  numbers  so  well  as  a  class  and  as  a  series  that 
expectation  is  here  most  delinite.  A  French  wonl  on  the 
other  hand  is  relatively  unfamiliar,  and  it  takes  longer  to 
understand  and  rejwat  it.  To  obtain  the  time  needed  for  the 
mental  jMirtious  of  the  process  alone,  we  substract  the  simple 
reaction -times  from  the  rei)etition-timeH-  How  the  former 
was  obtained  will  be  explained  in  a  note. 

Dr.  Miinsterberg  has  attempted  to  carry  the  distinction 
iKitweeu  the  ''motor"  and  the  "sensory"  form  of  rejictiou 
into  complex  types  of  reaction ;  indicating  by  the  former  a 
more  special  attention  to  the  modes  of  reaction,  by  the  latt»?r 
a  more  special  attention  to  the  stimulus.  Dr.  Martins  at- 
tempted to  rep(»at  the  exjieriments  in  every  detail  but  failed 
to  obtain  the  distinction.  We  found  it  difficult  to  maintain 
this  diSei'ence  of  attitude  in  repeating  woixls,  and  the  results 
(see  the  table  above)  show  pi-actically  no  difference  in  our 
OABea  between  the  two  forms  of  reaction ;  the  average  of  all 
the  *'  motor"  experiments  was  for  J.  J.  246  ",  for  F.  W.  249  ", 
of  the  'sensory'  for  J.  J.  249  o,  for  F.  W.  251'^.  Even  in 
the  simple  reaction  the  diflcrence  is  slight  j  but  in  the  ordinary 
reaction  with  a  finger- key  one  of  us  shows  the  difierence. 
J.  J.'s  simple  reaction  to  a  sound  by  closing  a  key  with  the 
finger  is  130  ^  for  'motor,'  162  <y  for  *  sensorj^ '  ;  f/w.'s  13.3  o 
and  137  '^.  While  these  results  have  probably  only  an  indi- 
vidual significance,  yet  in  our  present  incomplete  knowledge  of 
the  true  nature  of  the  distinction  l)etween  '  motor'  and  '  sen- 
sory'reactions,  they  may  l»e  worthy  of  record.  Xote  upon  ap- 
paratus and  method.  Our  apparatus  and  method  were  gradual- 
ly perfected  during  the  course  of  the  experiments  (covering  a 
period  of  eight  mouths)  and  only  such  of  our  results  were 
included  in  the  averages  given  above  as  were  obtained  by  the 
same  method  and  seemed  fairly  comparable  with  one  another. 
We  began  by  attempting  to  speak  the  word  and  press  the  key 
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with  the  fingflr  afcthe  same  moment,  the  subject  also  repeating 
the  word  and  pressing  the  key  as  nearly  as  possible  at  the  same 
moment.  (We  used  keys  of  the  form  to  be  described  in  the 
next  note,  but  later  to  avoid  the  uoise  the  caller  used  a  mer- 
cury key).  This  is  also  Miinstorberg's  method.  We  soon 
fouud  a  very  strong  tendency  to  close  the  key  too  soon,  on  the 
part  of  the  reacter,  and  too  late  on  the  part  of  the  caller  ;  the 
former  presses  the  key  when  the  voluntary  impulse  is  reatly, 
when  he  feels  that  you  know  what  the  word  is  and  what  It  ia 
necessary  to  do  to  repeat  it,  rather  than  when  the  vocal  mech- 
anism is  ready  and  may  act.  By  this  metliod  our  time* 
were  much  too  short,  centering  at)ont  200  a.  The  simple  re- 
action time  to  a  sound  by  closing  a  key  with  the  finger  was  for 
J.  J.  118  T,  for  P.  W.  135  ".  But  it  is  hanily  proper  to  sub- 
ti*act  this  from  the  rei>ction  time  to  obtain  the  time  of  the 
mental  process  alone.  To  include  the  complete  mechanical 
process  the  stimulus  must  be  a  vocal  utterance  with  an  accom- 
panying closure  of  the  key  with  the  finger  and  the  same  for 
the  reaction.  After  much  trial  we  conclude  to  use  a  small  bit 
of  wood  held  between  the  teeth  and  attached  to  a  spring  lever, 
so  that  the  slightest  separation  of  the  teeth,  (always  accom- 
panying utterance)  would  cause  the  bit  to  fiyout  of  the  mouth 
and  in  so  doing  to  make  or  break  the  chronoscope  circuit. 
While  the  key  is  not  free  from  objections,  it  worked  very  well 
and  we  oould  observe  with  itno  serious  tendency  to  anticipate 
the  true  reaction.  The  simple  reaction-times  recorded  in 
the  table  were  obtained  with  this  key  in  the  following  man- 
ner :  the  observer  always  uttered  the  sound  "  ah  '^  (explosive) 
and  the  rea<5ter  always  used  the  same  sound  in  reacting, 
60  that  the  simple  reaction  includes  all  the  mechanical  parts 
of  the  process,  and  whatever  error  there  is  in  uttering  or  re- 
peating is  contained  in  all  alike.  The  diflerenee  between  this 
and  the  repetition- time  (on  the  average  68  ")  may  thus  )>e  re- 
garded as  the  pure  mental  rei)etition  proeess.  The  further 
details  of  method  and  apparatus  offer  no  pecaliaritiea  worthy 
4>f  record. 

A  Novel  Optical  Illubton. 
(With  the  assUtaace  of  G.  W.  MooREHOrsE.) 
If  ttefore  a  rotating  disc  composed  of  a  large  sector  of  one 
color  and  a  small  sector  of  another,  the  two  differing  con* 
sJderably  in  shade  (c.  g.  a  lUrk  blue  and  a  light  yellow),  a 
rod^  held  horizontally,  be  passed  up  and  down,  the  whole 
disc  seems  broken  up  by  horizontal  parallel  bands  of  a  color 
similar  to  that  present  in  greater  proportion  * .     This  iUusioa 

*  ThU  llloRlon  wM  first  broaght  to  my  notice  hy  Dr.  MUiuterberg 
upon  my  visit  to  hU  Inborntory  kC  Freiburg.  I  cao  flod  no  rvfurence  to 
U  in  the  literature  accessible  to  uie. 
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iM  wpedMWj  s^kmg  wfaoi  tkeeoopoiBefift  colore  are  markedly 
diflerenU  ^th  tbe  lighter  color  forming  only  a  very  small 
portion  of  the  disc,  when  the  disc  is  in  very  rapid  rotation, 
tte  rod  very  slender  and  itfi  mocioa  ■orteiitely  rapid.  The 
bsads  appear  qnite  as  well  if  the  moreiBest  of  tbe  rod  is 
Tertical,  obliqae,  rotary,  etc;  tbe  effect  of  bending  tbe 
rod  into  a  spiral  or  other  fanciful  shape  and  giring  it  a  rotary 
movement  is  especially  striking,  the  bands  always  following 
parallel  to  tbe  oatline  of  the  wire.  If  instead  of  showing  bat 
two  colors  the  disc  is  corapoeed  of  three  or  more  tbe  bands 
appear  each  composed  of  f^everal  colors  ;  and  if  a  disc  com- 
posed  of  6maU  sectors  of  tbe  seven  primary  colors  be  rotated 
each  band  presents  a  rainbow-like  appemraoee.  This  phe- 
nomenon seems  especially  remarkable  when  contrasted  with 
tbe  universal  tendency  of  snccessiTe  optical  images  to  foae. 
The  mixing  of  colors  upon  a  disc  is  itself  a  typical  instance 
of  sach  fnsion.  Bat  here  there  is  a  sort  of  separation  of 
colors,  and  that  too  at  a  high  rate  of  rotation.  For  example, 
if  two  rotating  discs  were  presented  to  us,  the  one  pore  white 
in  color,  and  the  other  of  ideally  perfect  spectral  colors  in 
proper  proportion,  so  as  to  give  a  precisely  similar  white,  we 
conld  not  distingaiHb  l>etweeu  the  two  :  bat  by  simply  passing 
a  rod  in  front  of  them  and  ol>ser\ing  in  the  one  case  bat  not  in 
the  other  tbe  parallel  rows  of  colored  bands,  we  could  at  once 
pronoance  tbe  former  to  1)e  composite,  and  the  latter  simple. 
In  the  indefinitely  brief  moment  during  which  the  rod  inter- 
rupts the  vision  of  the  disc,  the  eye  obtains  an  impression 
Huflioient  to  analyze  to  some  extent  into  its  elements  this 
rapid  mixture  of  Htimuli.  The  more  detailed  description  and 
possible  explunatioii  of  this  illusion  formed  the  object  of  oar 
study  afi  of  the  present  exposition.  It  will  rondui*e  to  brevity 
of  clescription  to  arrange  the  several  results  of  experimenta- 
tion under  appropriate  headings. 

Extent  uf  the  fUunnn.  The  illusion  appears  with  any 
pjiir  of  colors,  provided  only  that  the  two  are  moderately 
different ;  but  the  resulting  bands  are  of  various  degrees  of 
distinctness  according  to  the  colors  used.  The  result  is 
clearest  when  the  colors  are  strongly  contrasted  ;  we  experi- 
mented successfully  with  red,  j-ellow,  blue,  green,  black, 
white,  etc.,  in  various  combinations.  Of  a  series  of  seven 
shades  of  green,  numbers  "one"  and  "two"  were  very 
dark,  number  "  three  "  considerably  lighter  than  '*  two.''  and 
the  rest  all  verj'  light  with  only  slight  di0ereuces  between 
them.  The  bands  could  not  l)e  observed  with  a  combination 
of  **one"  and  "two"  nor  with  any  combination  of  ''four," 
**  five,"  "six,"  or  "seven,"  but  in  all  other  combinations 
the  conti'ast  was  sufficient  to  cause  the  illusion.    By  a  differ- 


ent  method,  to  be  described  below,  we  succeeded  in  more 
accarately  determining  the  amount  of  contrast  needed  to  pro- 
duce the  illusion. 

Proportions  of  the  Component  Colors.  In  a  disc  composed 
ol  dark  red  and  light  yellow,  the  bands  could  just  be  seen 
when  a  sector  of  12^  of  red  was  combined  with  348"  of  yellow, 
aod  remainwl  visible  witii  a  decrease  of  yellow  and  an  in- 
crease of  re<l  until  only  3""  of  yellow  and  SST'^  of  i-ed  were 
present.  With  red  predominating  the  bands  are  also  red  but 
of  a  red  darkir  than  the  general  color  of  the  disc ;  wkh  yellow 
predominating  tlie  Ixinds  are  yellow  but  of  a  yellow  lighter 
than  the  resulting  mixture.  The  darker  bands  are  always 
more  easily  seen  and  clearer  than  the  light  ones,  and  hence  a 
Hmaller  swtor  of  yellow  with  red  than  of  red  with  yellow  is 
needed  to  produce  the  illusion.  We  should  infer  that  there 
would  be  a  ratio  of  the  two  colors  at  which  the  bands  would 
be  neither  darker  nor  lighter  than  the  background  ;  and  in 
fact  there  is  quite  a  rang*^  of  ratios  for  which  the  l>an(!s  are  so 
nearly  the  color  of  the  background  that  they  are  difficult  to 
observe.  This  range  differs  for  different  combinations  of 
colors  ;  for  our  red  and  yellow  the  critical  point  is  about  110^ 
of  red  and  the  rest  yefiow.  With  more  red  than  rhis  the 
bands  become  more  and  more  deeply  red,  and  with  less  red 
more  yellowish ;  to  this  extent  the  statement  that  the  Imnds 
are  of  the  color  predominating  in  the  disc  must  l>e  modified. 

Effect  of  the  Width  and  the  Rate  of  Motion  of  the  Interrupt- 
ing Rod.  The  general  effect  of  an  increase  in  the  width  of  the 
interrupting  rod  was  to  render  the  illusion  less  distinct  and 
the  bands  wider  ;  moreover  the  iiliiHion  is  more  liniitc*!  in 
range,  i.e.,  it  is  confine*!  to  a  narrower  range  of  rotation  rates 
of  the  disc  and  the  like.  While  with  a  fine  wire  about  a  milli- 
meter in  diameter,  the  bands  are  sharply  outlinexl  and  strik- 
ing, with  a  stick  4  mm.  in  width  they  require  somewhat  of 
a  strain  to  continuously  observe  them. 

Maintaining  the  rotation  rate  of  the  disc  as  nearly  constant 
as  the  clockwork  that  runs  it  will  allow,  we  may  vary  the 
rate  of  passing  the  rod  to  and  fro  with  characteristically 
different  results.  Moving  the  rod  across  the  disc  ai\  inches 
in  diameter,  so  that  each  movt-'ment  from  up  down,  and  from 
down  up,  cori'espondc<l  with  the  beat  of  the  metronome  beat- 
ing 208  times  jnir  minute,  the  l>and8  were  about  ^  inch  apart, 
irith  the  metronome  at  160  per  minute  about  A  inch  apart ; 
with  108  per  minute^  in.;  with  80  per  minute  J  inch  ;  with  60 
p«r  minute  less  than  ^  inch.  In  other  words  the  bands  are 
separated  by  smaller  and  smaller  spaces  as  the  rate  of  move- 
ment of  the  rod  becomes  slower  and  slower.     The  distances 
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between  the  bands  were  eatjmated  by  free-hand  drawings  and 
then  verified  by  comparison  with  tJie  rotating  discs. 

Analt/sia  of  the.  Factors  of  the  lltusion.  Allowing  the 
above  to  suffice  as  a  general  explanation  of  the  extent  of  the 
illusion,  we  may  proceed  to  an  analysis  of  its  component 
factors.  The  factors  are  (a)  the  apiK>itnince  not  of  one  hand 
but  of  several ;  (b)  the  distance  between  the  bands  ;  (c)  the 
color  of  the  bands ;  (d)  the  width  of  the  bands  ;  (e)  the  color 
of  the  interrupting  rod  ;  (f)  the  width  of  the  interrupting  rod; 
(g)  tho  rate  of  movement  of  the  interrupting  rod  ;  (h)  the 
rotation-rate  of  the  disc  ;  (i)  the  nature  and  proportion  of  the 
component  colors.  It  will  thus  be  seen  that  the  illusion  is 
quite  complicated.  As  an  important  step  towards  its  ex- 
planation, we  will  consider  first. 

The  Time  Relations  of  the  Illusion,  This  involves  the 
factors  (a),  (b),  (g),  (h).  Before  proceeding  further  it  will 
be  nocesKary  to  descrilie  another  metliod  of  producing  the 
illusion,  without  which  its  explanation  would  have  been  im- 
pOBsible.  This  consiKtw  in  sliding  two  half  discs  of  the  same 
color  over  one  another  leaving  an  open  sector  of  any  desired 
size  np  to  180^  and  rotating  this  against  a  background  of  a 
markedly  different  color,  in  other  words  we  substitute  for  the 
disc  composed  of  a  large  amount  of  one  color,  which  for  brevity 
we  may  call  tho  "  majority  color,"  and  a  small  amount  of 
another,  the  ** minority  color,"  one  in  which  the  second  color  is 
In  the  background  and  is  viewed  through  an  opening  in  the 
first.  With  such  an  arrangement  we  find  that  we  get  the 
series  of  bands  both  when  the  wire  is  passed  in  front  of  the 
disc  and  when  i)assed  in  !>ack  between  disc  and  background ; 
and  further  experimentation  shows  that  the  time  relations  of 
the  two  are  the  same'.  (There  is  of  course  no  essential 
difference  between  the  two  methods  when  the  wire  is  passed 
in  front  of  the  disc)  Tliese  facts  ejiaWe  us  to  formulate  our 
first  geueniliEation,  viz.,  that  for  all  purposes  here  relevant 
the  seeing  of  a  wire  now  against  one  background  and  then 
imnuHliittely  ligainst  another  is  the  same  as  its  now  appearing 
and  then  disappearing;  a  rapid  succession  of  changed 
appcarjiiict^H  is  onuivaleut  to  a  rapid  alternation  of  appear- 
ance luid  ilisappearanee.  Why  this  is  so  we  are  unable  to 
say,  but  the  fact  itself  seems  well  established,  and  is  both 


'  OftfOWM  wbeu  the  wire  Is  passed  between  the  din:  aod  back- 
ffrounrt  tltt*  diBtinctiiecs  of  tlie  wire  dejveuds  upoo  Its  eoucraftt  wilh  Ltie 
barkfriouiut ;  il  app^^ars  <if  \\»  inic  oolor  modified  by  U«  HppPftmnce  od 
tho  hi«t-b|{n>uiiit  Hnd  bv  thfi  rntaritiK  dbe  tbrouffb  which  It  is  seen,  bat 
lldomnitt  iiKHUim*  th(t  oouiriuit  eflects  assumed  by  the  rod  ifiored  In 
fmiii  (>(  tho  ilUc  Itte  tlme-rel titans  In  the  two  cuee  are  the  aaiae  bot 
the  color- itJiuaomouA  oousidembly  dUferent. 
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hovel  and  interesting.  By  this  "open  disc"  method  we 
are  enabled  to  study  the  illusion  independently  of  color,  by 
having  the  disc  of  whit«  against  a  white  background  with  the 
rod  moving  between  disc  and  background.  In  this  case,  as 
in  the  others,  we  see  several  rods  or  bands,  and  the  suggestion 
is  natnral  that  we  are  dealing  with  the  phenomena  of  after 
images  ;  in  other  words  we  8ee  the  rod  through  the  opening 
in  a  certain  position,  then  for  a  brief  time  lose  sight  of  it, 
then  see  it  again  in  a  slightly  different  position  and  so  on, 
the  after  image  of  thn  one  view  not  having  faded  out  when  the 
second  view  is  obtained.  If  this  is  the  true  explanation  of 
the  fact  that  several  rods  are  seen,  then  we  should — witli 
difierent  rotation  rates  of  disc  and  rod — see  as  many  rods  as 
multiplied  by  the  time  of  one  rotation  of  the  disc  would  yield 
a  constant,  i.e.,  the  time  of  an  after  image  of  the  kind  under 
considei-ation.  The  result  of  about  20  such  tests  with  vary- 
ing rates  of  the  disc  was  the  following  : 

J.J.  G.  W.M. 

AwnfevtiiiMcrroUUicnof  diMwheo  21m*Getof  therodwrroMpn  .WiSsrc  .0TMm>c. 

"         "         "         8      "         *•         "         "     .oan    •■  .0608   •• 

"  "  "  '^  "  4 .MAO    "  .0M7    " 

••"••""         5      "         .oaso   "    .oaoa   •* 

*•"•*""        e     ■•        .own  '•    .0Ma»r 

Multiplying  the  number  of  rods  by  the  rotation  rate  we  get 
for  J.J.  an  average  time  of  after  image  of  .1740  sec.  (a  little 
over  I  sec.)  with  an  average  deviation  of  .0057  (=3.2%);  for 
G.W.M.  1492  (a  little  over  i  sec.)  with  an  average  deviation 
of  .0036  (=2.6  '/r).  An  ind'epentent  test  of  the  time  of  after- 
image of  J.J.  and  G.W.M.  by  observing  when  a  black  dot  on 
a  rotating  white  disc  just  failed  to  form  a  ring  resnltetl  in 
showing  in  every  instance  a  longer  time  for  the  former  than 
for  the  latter.  2 

It  has  already  been  observed  that  the  distance  between  the 
bands  diminishes  as  the  rotation  rate  and  the  rate  of  move- 
ment of  the  rod  increases  ;  this  suggests  that  the  distant^ 
between  the  pamllel  bands  is  liiat  moved  over  by  the  rod 
during  one  rotation  of  the  disc.  This  we  tested  with  various 
rates  of  disc  and  rod  by  spreading  ai>aira  compasses  until 
they  seemed  to  span  the  disitanco  between  the  bands.  The 
following  is  a  comparison  of  the  actual  and  the  theoretical 
result  under  this  hyxwthesis  : 


'  There  \n  a  further  point  to  be  coQ«idered  here,  viz. :  tbe  size  of  the 
ftpprtarc.  whea  nothlug  dlflcrenc  Issntd  it  was  lll*^.  We  repealed  some 
of  the  Above  nxptrlnientR,  however,  with  apertorea  of  104*^  and  of  49°, 
ObtHiDln^  ibe  (mme  rosulta. 

*  For  cb>?  metttoil  of  ttiniiix  the  disc  see  Vote  A.  The  rod  wti 
moved  hfi\vi>cn  puntllel  bars  to  the  beats  of  a  metrononie. 
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Cousidoring  the  diflBculties  of  the  observation  these  agree- 
ments are  extremely  close.  Havinjc  now  areounted  for  the 
width  of  the  bands,  the  distance  between  them,  the  fact  that 
several  are  seen,  it  remains  to  examine  certain  general  con- 
ditions of  the  illusion  and  more  particularly  the  color  factors 
of  it. 

The  Color  Factors  of  (he  IHusion.  A  brief  acquaintance 
with  the  illusion  sufficed  to  convince  us  that  its  appearance 
was  due  to  contrast  of  some  form,  though  the  precise  nature 
of  this  contrast  is  the  most  difficult  point  of  all.  It  has  al- 
ready been  observed  that  the  two  component  colors  most  be 
somewhat  different  to  produce  the  illnsion  and  that  the  bands 
are  darker  when  the  majority  color  is  darker  than  the  minority 
color,  and  is  lighter  when  the  former  is  lighter.  By  the  fol- 
lowing device  we  succeeded  in  determining  the  minimum 
amount  of  difference  between  the  colors  that  would  produce 
the  illusion  :  we  used  an  open  disc  of  light  green  (aperture 
21°  )  in  front  of  a  back  ground  of  the  same  color  and  used 
with  the  green  disc  a  variable  sector  of  black.  When  moving 
a  rod  in  front  of  this  combination  we  always  observe  a  series 
of  light  bands  due  to  the  presence  of  the  large  amount  of 
green  with  a  little  black,  but  as  the  black  gains  a  certain  pro- 
portion, we  observe  in  addition  a  series  of  dark  bands  due  to 
the  contrast  of  the  resulting  darker  green  (mixture  of  light 
green  and  black)  with  the  light  green  of  the  back  ground. 
We  have  now  only  to  vary  the  black  till  these  darker  bands 
may  just  be  seen  ;  this  critical  point  with  the  colors  used 
proved  to  be  about  24"  of  black  added  to  316°  of  green,  or 
*'t^j  darker"  if  we  may  use  that  expression.  It  need  hardly 
be  added  that  the  aperture  exactly  corresponds  to  the  minori- 
ty color  and  requires  no  special  consideration. 

Colors  differ  in  two  senses,  in  the  fact  that  they  are  formed 
by  different  wave  lengths,  and  that  they  contain  more  or  less 
black.  We  have  shown  that  colors  differing  only  in  the  Latter 
respect  produce  the  illnsion  ;  it  remains  to  l>e  seen  w*hether 
difference  of  color  alone  will  produce  it.  We  have  the  fol- 
lowing evidence  that  it  will  not  :  (1)  We  were  able  to  select 
a  dark  red  and  a  dark  blue,  which  did  not  give  the  illusion, 
bnt  in  which  the  substitution  of  slightly  different  red  or  blue, 
brought  it  out ;  (2)  the  same  is  true  of  a  light  green  and  light 
yellow  ;  (3)  in  many  cases  while  not  succeeding  in  obtaining 


colors  that  wonld  cause  the  illusion  to  disappear,  we  succeed- 
ed in  finding  for  any  ^iven  color  a  second  with  which  the 
illusion  is  faint,  and  (4)  we  can  effect  this  more  systematical- 
ly by  combining  with  one  of  a  pair  of  colors  yielding  the 
illusion  suflicient  white  or  black  to  cause  it  to  vanish.  In  a 
vague  and  popular  sense  we  call  a  given  re<I  lighter  or  darker 
than  a  given  blue,  but  the  physicist  (a*  we  understand  it) 
has  no  accurate  determination  of  this  impressionist  estimate  ; 
perhaps  for  ordinary  empirical  purposes  it  would  be  of  ad- 
vantage to  call  two  colors  equally  dark  when  they  fail  to  give 
the  illusion  now  under  discussion. 

There  is  a  factor  in  the  illusion  not  yet  considered,  viz.,  the 
color  of  the  interrupting  rod.  Heretofore  this  has  been  a 
copper  wire  j  and  whenever  the  illusion  is  distinct  the  color 
of  the  wire  is  of  very  slight  importance,  but  when  it  becomes 
difficult  to  observe,  then  wires  of  certain  colors  will  pi-odnce 
it  and  of  others  will  not.  The  gt*nei-al  outcome  of  much  ex- 
perimentation with  colors  hardly  sufficiently  contrasted  in 
shade  to  produce  the  illusion  is  this,  that  with  the  component 
colors  both  rather  dark,  whether  in  proportions  givinj;  a 
light  band  or  a  dark  one,  dark  wir«?s  will  produce  it,  but  light 
ones  will  not,  with  the  component  colors  both  light,  light 
wires  will  produce  it  but  dark  ones  not.  ^  We  are  unable  to 
bring  this  result  into  harmony  with  the  ordinary  laws  of  con- 
trast, and  must  beoont^^nt  to  give  the  empirical  result  without 
explanation. 

We  have  but  one  further  mode  of  observation  that  sheds 
light  on  the  present  point.  We  can  obtain  the  illusion  quite 
as  well  by  substituting  for  the  disc  a  cylinder  covered  by  a 
strip  of  colored  paper  with  a  small  strip  of  another  color  cross- 
ing it.  We  hapi>ened  to  use  a  rubber  band  to  hold  the  se- 
cond strip  in  pla<H;  and  notiwMl  a  deep  contrast  band  parallel  to 
the  rubber  when  in  rotation.  We  substituted  a  lead-pencil  mark 
for  the  rubber  and  still  obtained  the  deep  band,  Otiti  hand 
being  of  the  Mime  color  as  the  hmtdn  produced  by  passing  a 
rod  befoi*e  the  disc  or  cylinder.  A  Inadpencil  mark  on  the 
disc  will  have  the  same  effect.  We  observed  however  that 
this  api>wired  only  when  the  line  passed  across  the  color  pres- 
ent in  lesser  proportion,  which  at  once  suggested  (conform- 
ably to  the  experiment  with  the  open  disc)  that  the  bauds  are 
originated  during  ourvision  of  the  minority  color.  We  tested 
this  by  fixing  a  strip  of  bra^s  to  the  disc  in  such  a  way  that 
it  could  be  made  to  rotate  on  it«  own  centre  (by  striking 
against  a  fixed  point)  during  the  rotation  of  the  disc.  This 
device  replactMl  the  rod  and  caused  the  Illusion  so  long  as  it 

'  Th«  dlflTereot  colors  of  wir«  were  simply  Insulated  wires  with  the 
colon  of  the  lusulatloa  dlffereut. 
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(3.)  Th&  fock  that  KTecBl  baade  are  aoea  is  daa  lotte  per- 
timrmti  at  tbe  after  ni«o. 

(4.)  tWditanoabef€<MithelMBi1ii»AaaiiliMcdiroi^ 
which  the  ?od  haa  panowt  in  ooe  revolasioa  af  tta  ^«e. 

(5.)  \rith  fbe  oi^onty  color  dazfc«r  ikaa  tbe miaoritf  co- 
lor (be  baado  arv  darker  than  tberasnltuig  aiixnutt,  and  U^- 
erwIwB  the  Ba|oriix  eolor  is  the  lighter. 

(6.)  Th«  width  mad  rase  of  noranent  of  the  rod  as  well  as 
the  roUUkm-rate  of  the  dU<-  detenniDe  the  width  of  the 
faaad  ;  the  color  of  the  rod  beoomes  impottaat  vbfn  the  iUn- 
iiOfi  u  diffoiilt  to  obuin,  it  then  mpptmna^  that  with  the  d&rk 
colon  a  fUrk  rod  is  better,  with  li^ht  colors  a  light  rod. 

(7.)  The  baada  origiiiate  dariae  like  vision  of  the  mi- 
Doritj*  color. 

(8.)  The  contrast  effect  of  the  bands  (while  tiot  satistoe- 
tOfiJj  explsJned)  may  also  be  obtained  by  a  mark  npon  the 
minority  color. 
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<Whh  the  AMlcUAce  of  Frederick  vrnrrrov.) 
A.  Urge  portion  of  the  measurement  of  the  times  of  mental 
prooesses  has  been  accomplished  with  the  aid  of  the  Hipp 
ehroBOseope ;  the  obfoctionM  to  the  use  of  this  apparatus  are 
CIm  diAcoIty  of  its  re^^lation  aud  the  possible  sacrifice  of  ac- 
enraflj  to  convenience.  To  secure  accuracy,  the  ehronoscope 
Boat  be  ooostondy  controlled,  and  for  this  purpose  complex 
derloes  haTobeen  resorted  to  for  encoring  constancy  of  condi- 
tions and  the  like.*    To  simplif3*  the  method  of  control  we 

'  Tbe  appariitu»  supplied  with  the  chroooscope  U  altogether  defectiTe, 
the  mecbADlnU  relcue  of  tbe  ball  U  bul,  the  meji«ureo]eut  of  the  fidllnr 
bd^t  aocertaln,  the  catch  br  which  the  circaic  1«  closed  Imperfect  and 
•low.  lo  addiUoo  to  these  mechanical  defects,  the  raoreofbel^htisiiHich 
too  meajne.  See  Wuadt's  oote  lo  the  came  effect.  Pbri.  Fsrch.,  3d  «d., 
U.    pTftfl.    Note. 
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Bocceeded  alter  many  trials  and  failures  in  perfecting  a  piece 
of  apparatus  by  which  the  error  of  the  ehronoscope  could  be 
readily  and  accurately  determined.  la  all  methoda  in  which 
the  control  cousi^ts  in  timing  the  fall  of  a  ball  (and  this  too 
ie  onr  method),  the  general  problem  is  thits:  two  pairs  of 
events  are  to  occur  simultaneously,  first  the  ball  to  Itcg^n  its 
fall  and  the  hands  of  the  ehronoscope  to  move,  and  then  at  a 
definitely  measurable  point  of  the  fall,  the  hands  of  the  ehronos- 
cope are  to  stop.  The  difference  l)etween  the  present  and  all 
other  methods  of  securing  this  end  (and  to  which  we  think 
it«  success  is  due)  is  that  this  simultaneity  is  obtained  not  by 
allowing  a  magnet  to  release  a  ball  and  also  a  blade  held  against 
the  action  of  the  spring  or  the  like,  but  by  the  use  of  a  spe<ual 
form  of  key.  A  simple  movement  of  this  key  serves  to  make 
one  of  two  independent  circuits  and  to  break  the  other  at  the 
same  moment.  The  explanation  of  this  key  will  be  easier  if 
preceded  by  a  description  of  the  form  of  key  used  almost  ex- 
clusively in  this  laboratory  for  finger  reactions.  It  is  a  key 
that  when  once  closed  remains  closed  and  when  opened 
remains  open;  this  gives  the  advantage  of  having  the  clos- 
ing and  opening  movements  the  same,  and  allows  this  move- 
ment to  be  the  very  natural  one  of  quickly  tapping  the  key 
ftnd  then  withdrawing  the  hand.  A  brass  arm  CC  pivoted  at 
its  centre  upon  a  bniHS  uj>right  t4;rniiiiat4^s  above  at  each  end 
in  a  hai*d  rubber  button  BB',  and  below  in  a  brass  point  XX'; 
projecting  from  the  board  upon  whicJi  the  whole  is  mounted 
are  two  brass  points  TV  for  the  purpose  of  making  or  break- 
ing contact  with  A'A";  finally  there  is  fastened  to  the  arm 
CC"  a  wedge-shaped  piece  of  brass  playing  between  the  notches 
Ij  2.  The  key  as  pictured  is  ready  to  be  used  to  break  a  cir- 
cuit, ma<le  through  tlie  point  X' connected  with  the  binding-post 
P*,  and  the  point  central  support  connected  through  the  appar- 
atus with  the  binding-post  I^.  A  simple  i>reH8ure  of  the  finger 
at  B"  breaks  the  contact  at  X'  I",  and  forces  the  wedge  into  the 
position  (2),  in  which  it  is  securely  held  by  the  notch  (2). 
When  in  this  position  it  is  ready  to  be  used  to  ituike  a  circuit 
by  a  pressure  upon  B';  it  can  only  assume  one  or  the  other  of 
thcge  two  positionH,  and  in  either  i^ase  is  securely  held  in 
place.  Now  imagine  that  the  button  B'  instead  of  being  of 
hard  rubber  is  of  brass,  and  imagine  the  end  of  a  second  brass 
lever  at  right  angles  to  CC  in  position  to  press  down  upon 
ff  and  thus  establish  a  circuit  between  B'  and  the  second 
lever ;  imagine  further  that  the  blow  of  this  second  lever  upon 
iC  is  given  by  the  nde^se  of  a  strong  spring  thjit  holds  every- 
thing firmly  until  A'  comes  in  conta<'t  with  F,  and  the 
apparatus  is  complete.  A  release  of  the  spring  thus  estab- 
lishes one  circuit  through  B'  and  the  second  lever  which  sets 
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the  chronoscope  ^ing,  and  at  the  same  moment  the  ball  be- 
gins to  fall  by  the  breaking  of  the  circuit  at  X'  Y*.  The  cir- 
cnits  are  entirely  independent  and  sapptied  by  different  bat- 
teries. To  test  the  simnltaneity  we  make  onr  connections  so 
that  the  makinp  of  the  one  circuit  set*  the  chronoscope  poiojr 
and  the  breaking  of  the  other  stops  it ;  and  in  no  case  did  the 
chronoscope  hands  show  the  slightest  tendency  to  move. 


a 
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The  apparatus  controlling  the  fall  of  the  ball  is  simple.  An 
electro-magnet  tapering  to  a  point  at  one  end  is  tightly  hold 
in  a  bracket,  adiuHtal>lo  along  a  vertical  slide^  which  in  tnrn 
is  securely  fastened  to  the  window  frame.  It  is  important 
that  all  parts  of  this  lie  strong  and  securely  fixed  to  the  wall 
of  the  building.  The  slide  is  6  to  7  feet  high  so  that  a  fall  of 
.6  to  .7  seconds  can  be  measured.  From  the  value  of  g  at 
Madison  wo  calculate  from  the  formula  s^A  g  t  ^  the  heights 
at  which  the  ball  should  just  consume  .1,  .2,  .3,  .4,  .5  and  .6 
seconds  in  its  fall  and  mark  these  points  on  the  millimeter 
scale  along  the  slide,  making  onr  readings  by  aid  of  a  fine 
wire.  The  ball  of  soft  iron  about  j  of  an  inch  in  diameter  is 
held  at  the  tip  of  the  magnet  and  in  its  fall  strikes  against 
the  arm  of  a  well-balanced  lever,  and  thus  severs  an  electrical 
connection  by  which  the  clock  comes  to  a  standstill ;  while 
the  distance  between  the  upper  surfa**  of  the  lever  and  the 
lower  snrface  of  the  ball  is  the  space  fallen  through  in  the 
measured  time.  Two  further  points  may  be  noted  ;  first  to 
find  the  zero  point  on  the  scale  let  the  magnet  hold  the  ball 
and  move  the  brackrt  down  until  the  ball  just  touches  the 
lever  snfhciently  to  bi-enk  the  connection^  and  mark  the  point 
opposite  the  wire  zero  ;  second,  use  three  or  four  thicknesses 
of  tissue-paper  between  the  ball  and  the  magnet  to  separate  the 
surfaces  and  thus  diminish  the  time  of  demagneti7>at.ion. 
With  this  apparatus  one  can  without  assistance  take  half  a 
dozen  records  at  difTer«nt  points  in  as  many  minutes;  and 
in  the  work  descril)^!  above  ten  ot)servation8  were  re- 
corded before  and  after  each  day^s  work,  from  which  the 
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error  of  the  chronoscope  for  the  day  was  calcnlated.  As  the 
observations  were  taken  from  all  six  positions — .1  to  .6  sec. 
(in  th(^  latter  portion  of  the  work  for  four  positions)  we  could 
determine  whether  tJie  error  was  constant  or  relative  and 
found  the  former  to  l>e  the  ea^e.  Throughout  a  period  of  six 
months,  during  which  the  chronoscope  was  tested^  its  maxi- 
mum error  was  .005  seconds  and  the  average  error  about  .002 
seconds.  The  position  of  the  sprinjrs  regulating  the  chrono- 
scope was  alwayfi  note<l  and  by  changing  these  the  error 
ooutd  be  reduced  to  practically  zero.  But  we  aimed  not  at 
absolute  accuracy  but  at  an  accurate  determination  of  our 
daily  error.  This  appai-afcus  has  proved  itself  ho  easy  of 
manipulation  and  so  time-saving,  that  itti  use  is  confidently 
recommended  to  experimental  psychologists. 

Note  A. — On  fJtc  Tiimnrj  of  lioiatiuff  IJiscft.  X  simple  and 
fairly  accurate  means  of  dctx^rmining  the  rate  of  rotating 
discs,  especially  of  those  rotating  by  clockwork,  has  long 
been  a  desideratum.  The  ordinary  speed-counter  is  out  of 
the  question  on  ac<;ount  of  the  great  friction  involved.  The 
"interruption-counter"  invented  by  Dr.  Ewald  of  Sti^ass- 
borg  is  a  device  by  which  each  making  of  an  electrical  circuit 
moves  the  hand  of  a  dial  just  one  division,  the  dial  showing 
100  diviRions ;  its  original  purpose  was  to  count  the  vibrations 
of  a  tuning  fork  an<l  thus  to  serve  as  a  convenient  form  of 
chronoscope.  It  is  ca]>able  of  counting  the  vibrations  of  a 
fc>rk  with  a  vibration- rate  of  100  per  second,  but  for  this, 
great  delicacy  of  manipulation  is  necessary.  It«  adaptation 
60  the  present  purpose  is  simple,  though  quite  a  numtwr  of 
devices  were  atbenipt**d  t)efore  the  simple  one  was  obtained. 
Two  small  platinized  tips  were  soldered  atopiwsite  points  on 
to  the  circumference  of  the  wheel  of  the  clockwork  next  to 
the  one  to  the  axle  of  which  the  disc  is  attached.  A  light 
bra.HH  blade,  also  platinized,  is  suspended  from  above  with  a 
tlinmb-screw  regulation,  so  that  the  tips  on  the  wheel  just 
make  a  contact  with  it  as  they  pass  it.  As  this  second  wheel 
revolves  once  to  every  eight  rotations  of  the  disc  we  can  count 
to  the  nearest  four  rotations,  which  is  quite  accurate  enough. 
By  Increasing  the  tips  we  can  count  every  two  or  every 
rotation,  though  the  adjustment  must  then  l)e  finer.  We 
mllow  the  current  to  run  through  the  counter  for  15  seconds 
(afl  counted  by  the  second  hand  of  a  watch)  by  closing  and 
releasing  a  mercury  key.  We  also  devised  a  method  by 
which  the  timing  was  done  automatically  and  so  one  person 
eonld  observe  the  disc  and  take  the  time  mcasunimcnts  om 
well.  This  consisted  in  fastening  to  the  ends  of  an  ordinary 
levolving  drum  a  circular  piece  of  paper  with  a  strip  extend- 
hig  over  about  180"  cut  out ;  by  placing  (he  end  of  a  fine  wire 
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opposite  tJbis  pap4^r  it  Is  easy  to  arrange  one's  cirenits  so  that 
during  the  time  the  wire  touches  the  brass  of  the  drum  the 
cotint'cr  is  recorded,  while  for  the  rest  of  the  revolution  of  the 
drum  the  current  is  intercepted  by  the  paper;  finally  we  set 
the  drum  so  that  the  time  of  contact  is  a  convenient  one,  say  15 
see.,  and  when  we  see  the  contact  approachiujc  close,  we  lock 
the  key  and  go  on  with  our  observation.  The  counter  then  of 
itself  begins  lo  record,  does  so  for  exactly  fifteen  seconds 
and  stops ;  and  we  can  make  the  reading  at  our  leisure.  For 
all  these  purjKtses  the  counter  proved  itself  an  exceedingly 
valuable  apparatus. 

As  this  is  one  of  the  first  of  these  instruments  to  be  nsed, 
our  experience  with  it  may  be  of  advantage  to  others.  Its 
two  defects  are  that  the  wire  on  the  magnets  is  too  line,  thus 
causing  an  excessive  resistance,  and  that  the  spring  by  which 
the  magnet  blade  is  withdrawn  is  not  adjustable.  After 
remedying  these  defects  we  were  able  to  successfully  manipu- 
late the  instrument  with  a  single  stonige  cell  lottery  and 
very  little  trouble.  We  also  tested  the  apparatus  with  a 
tuning  fork  of  100  per  second  and  found  it  reliable.  If  the 
instrument  were  made  as  large  again  it6  efficiency  would  be 
increased. 

Note  on  a  device  for  color  mixing.  One  objection  to  the 
ordinary  method  of  mixing  colors  by  forming  sectors  of  them 
upon  a  disc  and  rapidly  rotating  it,  is  that  while  the  mixture 
is  produced  one  cannot  rea<lily  compare  the  result  with  the 
original  component  colors.  It  is  as  a  corrective  of  this  defect 
that  the  following  device  is  suggested.  It  consists  simply  of 
nsing  a  half  disc  (or  any  other  desired  portion  most  easily 
obtained  by  sliding  two  half  discs  or  four  quarter  discs  upon 
one  another)  of  tJie  one  color  and  during  its  revolution  hold- 
ing the  other  color  in  l>ack  of  it  to  one  side.  Then  on  either 
Bide  you  have  the  original  colors,  and  where  the  two  overlap 
the  resulting  color ;  if  the  colors  be  red  and  blue,  you  have 
before  you  on  either  side  the  red  and  blue  and  between  them 
a  purple.  One  can  hold  two  (and  with  proi>er  arrangements 
more)  diflerent  colors  in  back  of  the  same  rotating  disc  and 
thus  show  for  instance  the  mixture  of  blue  with  red  and  blue 
with  yellow  and  the  original  blue,  red  and  yellow  all 
clearly  displaye<l  in  line.  One  can  show  the  mixture 
of  an  entire  series  of  colors  with  the  same  color  with- 
out stopping  the  disc,  and  for  matching  a  given  color 
with  a  n'sulting  mixture  this  is  espw-ially  convenient.  With 
two  rotating  discs,  overlapping  upon  a  common  background 
one  can  show  the  result  of  mixing  three  colors  and  the  three 
original  colors  at  the  same  time,  but  there  the  manipulation  is 
no  longer  so  simple.     The  method  is  easily  adapted  to  the 
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fusion  of  other  visual  impressions  and  is  partionlarly  suited 
to  class-room  demonstration.  A  clockwork  for  rotating  the 
disc  is  a  great  convenience  in  the  experiment. 

TUE   PSVCHOPHYBIC  SEKIES   ANT)   THE  TIME-SeNSE. 
(With  the  assistance  of  W.  B.  Cairnes.) 

In  an  earlier  paper  reporting  the  studies  made  in  this 
lalwratory  (Ameh.  Jot:KNAL  of  Psych.,  Vol  III,  Xo.  1,  pp. 
44-49)  it  was  shown  that  when  we  attempt  to  sort  out  sizes  of 
sticks  into  six  or  nine  magnitudes,  either  by  the  eye  or  by 
paxsiu^'  the  finger  over  the  sticks,  the  result  is  that  the 
avenige  lengths  of  the  sticks  of  the  several  magnitudes  are 
eepamtrd  hj'  approximately  equal  differences;  i.  e.,  they 
form  an  arithmetical  series.  This  method  was  spoken  of  as 
that  "of  tJie  psychophysic  series,"  and  consists  simply  in 
distributing  according  to  a  general  impression  a  large 
Tariety  of  sense- impressions  into  classes  or  magnitudes  ;  it  is 
also  the  method  by  which  the  stars  wei-e  divided  into  their 
xoagnitudes.  If  the  psychophysic  law  holds  when  thus  tested 
the  result  would  be,  as  it  notably  is,  in  case  of  the  stars'  that 
the  ratios  o(  the  averages  of  neighboring  magnitudes  would  be 
constant,  i.  e.,  would  form  a  geometrical  series.  A  sugges- 
tion of  an  explanation  of  the  applicability  of  the  law  to  star 
magnitndcs  and  its  failure  in  magnitudes  of  extension  both 
visual  and  tactual-motor,  was  recoi-ded  in  the  foruier  study  in 
the  following  words:  The  law  may  be  expected  to  apply  to 
"  such  sensations  as  are  ai>preciated  en  masHo.y  and  with  not 
too  distinct  a  consciousness  of  their  intensity  [or  extension]  ; 
when  the  sensation  is  a  sort  of  impressionist  reception  of  the 
gross  sensation  without  dividing  it  up  into  units,  or  conceiv- 
ing it  a«  80  compose*!,  we  may  expect  the  law  to  hold  good. 
This  would  be  the  case  with  the  rough  estimations  of  star 
brightnesses."  To  further  test  this  jwint  of  view  we  experi- 
mented with  the  perception  of  time-intervaJs,  in  which  as  in 
the  estimation  of  star  magnitudes  there  is  an  unanatyzed 
appreciation  of  the  interval,  without  regarding  it  as  com- 
posed of  constituent  units;  and  for  which,  according  to  the 
above  suggestion,  the  law  should  hold  good. 

Accordingly  we  set  a  metronome  at  one  of  many  intervale 
and  askeit  the  observer  after  he  had  listened  to  it«  beating  aa 
long  as  he  desired  in  order  to  determine  his  judgment,  in 
which  of  !*ix  classes  of  intervals  he  would  plaee  it.  At  the 
outset  the  observer  was  allowe<l  to  listen  to  the  slowest  inter- 
val, 40  per  minute,  and  to  the  fastest,  208  per  minute,  and  to 
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imagine  this  range  divided  np  into  six  grades  or  magnitudea. 
At  first  the  asaignmentfi  are  somewhat  vague  and  variable  but 
they  soon  became  relatively  fixed,  though  there  is  consider- 
able overlapping  of  the  various  magnitudes  even  in  the  best 
observers.  Much  of  this  is  nndoubledly  due  to  contrast,  an 
interval  following  a  very  long  one  seeming  shorter  than  it 
would  if  following  a  short  one.  and  the  like.  We  med  inter- 
vals rising  by  2  per  minute  from  40  to  120  per  minute,  by  3 
per  minute  from  120  to  144,  and  by  4  per  minute  from  144  to 
208,  thus  using  in  all  63  intervals.  These  were  written  on 
email  square  cards  and  three  set«  of  such,  or  189  cards,  were 
nsed  at  one  sitting  with  each  observer,  the  cards  being  tossed 
in  a  box  and  drawn  at  I'audom,  and  the  metronome  set  accord- 
ing to  the  number  drawn.  The  longest  time  intervals,  i.e., 
from  1.5  seconds  down  were  called  magnitude  I,  and  the 
shortest  from  .29  seconds  up,  magnitude  VI;  the  observer  sat 
with  his  back  to  the  metronome,  knew  nothing  of  the  experi- 
ment except  what  were  the  longest  and  the  shortest  intervals, 
and  simply  called  out  the  number  of  the  class  to  which  he 
assigned  the  given  interval.  Three  such  full  sets  of  nearly  208 
observations  were  made  on  one  observer,  two  each  upon  two 
others,  and  one  each  on  three  others,  making  ten  in  all. 
When  the  results  are  obtained  we  collect  all  the  intervals 
assigned  to  each  of  the  magnitudes  and  tind  the  average 
duration  of  the  magnitudes  of  that  interval,  which  averages 
will  serve  as  the  basis  for  the  present  discussion. 

In  the  accompanying  table  are  shown  for  eacli  set  of  obser- 
vations the  average  number  of  beats  per  minute  of  each  mag- 
nitude, with  the  number  of  observations  contributing  to  that 
average  following  it  in  small  figures  the  successive  diflcrenc«8 
and  ratios  of  these  magnitudes,  and  the  average  of  these  dif- 
ferences and  ratios  together  with  the  average  deviation  from 
them  expressed  in  percentages.  At  the  foot  of  the  table  a 
similar  series  of  weighted  averages  (i.  e.,  results  of  multiply- 
ing each  average  by  the  numl>er  of  observations  and  dividing 
by  the  total  number  of  observations),  is  given,  combining  all 
the  observations,  and  this  we  shall  first  consider.  To  test 
whether  the  series  approaches  an  arithmetical  or  a  geometri- 
cal series,  we  have  simply  to  compare  the  consfancy  of  (he 
differences  with  that  of  the  ratios.  This  may  be  done  with 
sufficient  aticnracy  for 'the  present  purpose  by  finding  for 
each  of  the  five  results  the  differences  from  their  average,  di- 
viding this  by  five,  and  expressing  it  as  a  percentage  of  the 
average  of  the  five  diffei*ences,  or  the  five  ratios.  \Ve  thus 
see  that  while  the  avtrarfe  variation  fi^m  a  constant  difference 
is  24.8  ptr  cent.,  the  average  vanationfrom  a  constant  ratio 
is  oiUy  4.2  per  cent.,  indicating  a  decided  approximation  to  a 
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geometrical  series^  and  therefore^  according  to  expectation^  an 
obedience  to  the  psychopkystc  law.  In  the  last  oolunm  of  all, 
the  ratios  of  each  pair  of  average  deviations  are  given,  and 
lor  the  ficncral  result  (accepting  this  rough  mode  of  compari- 
son), we  have  this,  namely,  that  the  approximation  is  six 
timea  (5.90)  as  cJose  to  a  geometric  as  to  an  arithm*>tic  series. 
We  may  instmctively  note  too  a  few  pecnliarities  of  thpse 
results;  first,  that  while  the  ratios  of  neighboring  magni- 
tudes arc  approximately  constant^  there  is  a  tendency  for 
these  ratios  to  decrea^-e  slightly  from  1  to  VI,  or  to  increafne 
in  passing  from  short  intervals  to  long  ones.  A  precisely 
similar  result  is  found  in  the  case  of  star-magnitudes ;  and  in 
the  latter  case  the  observations  are  sufficiently  extended  and 
regular  to  warrant  an  emperical  formula  expressing  the  rate 
of  increase  of  this  ratio,  with  an  inci-ease  in  brightness  of  the 
Btar-magnitudes.  Moreover,  two  further  irregularities  re- 
corded in  the  study  of  star-magnitudes  rt^appear  in  the  present 
study.  The  first  is  that  at  one  extreme  the  ratio  tends  to  be 
unusually  large,  and  at  the  other  unusually  small.  This  is 
due  to  the  limitations  of  the  series,  and  the  (act  that  were 
there  another  magnitude  at  each  end  of  the  series,  some  inter- 
vals now  placed  in  I  or  VI  wonld  be  placed  in  the  class  below 
I,  or  in  that  above  VI.  The  errors  thus  induced  are  evidently 
opposite  in  dirtMrtion.  The  tendency  is  more  marked  in  the 
Star  observations  than  here,  but  if  we  note  the  individual 
results  we  see  that  in  seven  of  ten  cases  the  ratio  of  I  to  II  is 
markedly  larger  than  the  others,  and  in  five  cases  the  ratio  of 

V  to  Vt  is  appreciably  smaller  than  the  others-  These  pecu- 
liarities are  good  evidence  of  the  similarity  of  the  psychologi- 
cal processes  employed  in  sorting  stars  aud  in  classifying 
time-intervals  with  magnitude-g.  A  marked  peculiarity  of 
the  present  series  (aud  one  that  interferes  seriously  with  itfl 
regularity),  is  the  tendency  to  make  only  a  slight  division  be- 
tween intervals  assigned  to  III  aud  those  assigned  to  IV,  but 
a  marked  one  between  those  assigned  to  IV  and  those  to  V. 
This  tendency  is  pi-esent  in  nine  of  the  ten  seta,  and  is  marked 
in  six,  and  so  can  hardly  be  accidental.  It  seems  to  depend 
upon  a  habit  of  viewing  III  and  IV  as  medium  intervals,  while 

V  is  already  a  short  interval.  A  ciosely  similar  irregularity 
was  fonnd  in  the  estimations  of  the  star- magnitudes  of  Ptolemy 
and  Sufi. 

Regarding  the  individual  results  we  notice  considerable  ir- 
regularity, some  individuals  maintaining  the  law  much  more 
closely  than  othrrs,  as  is  olwervod  most  readily  by  a  view  of 
the  last  column  of  the  table.  That  much  of  this  irrpgnlarity 
is  due  to  the  paucity  of  observations  is  indicated  by  the  fact 
that  the  average  deviations  in  the  combined  sets  I,  II,  III,  of 
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W.  B.  C,  rv,  V,  of  J.  J.  and  V.  VI,  of  B.  H.T.,  are  smaller 
than  the  average  of  the  group  of  three  or  of  two  sets.  Thus 
for  W.  B.  C.'s  three  sets  the  average  variation  from  a  con- 
stant ratio  is  only  4.8  per  cent.,  in  J.  J.'s  two  sets  4,2  per 
cent.,  in  R.  H.  T.'s  two  sets  3.3  per  cent.,  while  the  ratios  of 
the  avera^  variations  from  a  constant  difference  and  a  con- 
stant ratio  becomes  as  1:5.54,  1:6.62  and  1:10.97.  It  should 
also  be  noted  that  the  number  of  intervals  assigned  to  each 
magnitude  differs  considerably.  In  the  general  average  the 
deviation  from  the  average  of  31.3  for  each  magnitude  is  13.4 
per  cent.  Ill  and  FV  have  most  intervals  assigned  to  them 
(perhaptt  )>ecauKe  niauy  doubtful  ones  are  naturally  assigned 
to  the  medium  magnitudes).     1  and  11  have  fewest. 

One  further  j^oint  may  Ix;  mentioned  as  supporting  the  sup- 
position that  with  a  more  conscious  analysis  of  time-intervals, 
with  the  establishment  of  a  habit  of  estimating  time  by  sec- 
onds, the  tendency  to  follow  the  geometrical  series  will  be 
diminished.  Thus  it  is  quite  noticeable  that  the  first  sets  of 
all  three  observei-s  who  went  through  more  than  one  set  ap- 
proach more  closely  to  the  psychophysic  series  than  the  later 
ones,  the  average  deviations  in  the  two  cases  being  about  as 
4  to  7.  Perhaps  this  is  accidental,  but  it  certainly  suggests 
a  departure  from  the  impi-essionist  method  of  estimating  in- 
tervals with  which  we  set  out.  Of  the  remaining  throe 
nn-ords  VIIT  in  unsatisfactory  and  was  so  noted  at  the  time, 
while  IX  and  X  are  records  of  obseri'ers  accustomed  to  astro- 
nomical work,  in  which  the  second  and  half-second  interval  is 
important.  The  acquired  habit  of  analyzing  time  intervals 
according  to  standard  units  may  thus  account  for  their  slight 
tendency  to  follow  the  psychophysic  series  in  their  case. 

The  result  of  the  present  study  thus  goes  to  support  the 
suggestion  that  M'hen  we  estimate  sensations  roughly  and  on 
general  impressions,  without  comparing  them  with  staudard 
anits,  we  uatumlly,  though  uuconsciously,  make  use  of  a 
geometricjil  series.  We  make  rt^lativ«diHtinctionsrathi'rthan 
absolute  ones,  and  this  is  the  natural  basis  of  the  psychophysic 
law.  While  the  process  Is  a  rough  one,  and  is  often  accom- 
panied by  much  hesitation  and  tittle  confidence,  the  average 
results  are  fairly  clear,  and  add  one  more  to  the  many  illus- 
trations of  the  statistical  regularity  of  apparently  lawless  and 
entirely  unconscious  mental  tendencies. 

The  Pbychophysic  Series  and  the  Motoe  Sense. 

(With  the  msalstuice  of  Auousta  A.  Lek  (Ura.  Cba-ules  Giodinos). 

As  a  further  application  of  the  method  of  the  psychophysic 
series  we  experimented  with  a  form  of  movement  in  which 
with  the  forearm  supported  at  the  elbow  as  a  pivot  the  hand 
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moved  laterally  for  practically  any  distance  from  5  to  190 
miliiiQCterB.  The  extent  of  the  moyement  was  limited  and 
meaanred  in  the  following  way  :  The  hand  held  a  glass  pencil 
and  8npporte<i  the  same  along  a  straight  edge,  the  pencil  fur- 
thermore moving  in  the  ridges  of  very  finely  grooved  glass. 
Over  this  glass  was  mounted  a  skeleton  triangle  abont  6 
inches  across  the  base  and  20  inches  in  altitude,  and  the  whole 
moved  in  a  slide  to  or  away  from  the  hand  holding  the  pencil^ 
such  movement  limiting  the  pencil  to  movements  of  varying 
length  between  the  sides  of  the  triangle  and  parallel  to  its 
base.  A  scale  at  the  side  indicated  for  cAch  position  of  the 
triangle  the  distance  moved  over  by  the  pencil.  After  allow- 
ing the  subject  to  move  over  the  shortest  and  the  longest  dis- 
tances he  was  asked  to  mentally  divide  this  range  into  six 
claescs  or  magnitudes,  and  assign  the  various  distances  pre- 
sented according  to  the  perceptions  gained  through  the  sense 
of  motion  (sight  was  of  course  excluded),  to  the  various  mag- 
nitudes. Though  the  average  lengths  of  these  magnitudes 
present  considerable  irregularity,  they  very  clearly  show  that 
they  do  not  accord  with  ^e  psycho-physic  law  and  that  they 
roughly  approximate  an  aritlimetica.1  series.  The  averages 
themselves,  together  with  the  number  of  observations  contrib- 
uting to  the  average,  are  given  in  the  following  table : 

I.  ir.        in.        r^^  v.         vi. 

A.A.L.(l)  14.8(47)  40.6(45)  75.6(28)  100.6(18)  13fl.8(2l)   16e.8(30> 

A.  A.  I..  (3)  30.9(42)  M.5  (34)  93.7(26)  128.4(16)  l.'S3.0(12)   169.5(13) 

E.  13.6(16)  36.6(20)  70.7(25)  110.7(16)  134.8(17)  168.6(5) 

H.  16.7(27)  48.3  (28^  H0.3  (28)  121.4(18)  156.5(13)   181.0(8) 

J.(l)  9.6  (2i)  30.5(44)  00.6(46)  89.1(33)  120.4(24)   144.8  (39> 

J.(a)  7.8(13)  25.0(26)  53.6(30)  84.6(25) 

To  show  how  far  these  results  favor  an 
how  far  a  geometrical  series  it  will  jwrhaps  be  sufficient  to 
State  the  average  deviation  fix>m  a  constant  difference  and 
from  a  constant  ratio  of  each  of  these  series,  expressed  as  a 
percentage  of  the  average  difference  and  the  average  ratio 
of  neighboring  pairs  of  results. 

L.(1)L.(2)    K.    H.  J.(l')  J.(2) 

Aversge  deviatfon  from  a  coosUnt  rntlo— 29.8   30.7   31.1  32.6  34.9  33.7 

"  "  * dlfiference— 1.33    17.9    19.3  19.0  12.3  16.6 

This  shows  ulwut  twice  as  close  an  approximation  to  an 
arithmetical  as  to  a  geometrical  series.  If  however,  we  take 
the  average  of  all  six  series  of  each  magnitude  we  obtain  a 
much  more  pronounced  obedience  to  an  arithmetical  series ; 
the  successive  differences  become  26.2,  32.6,  32.6,  30.2.  28.3, 
and  the  average  deviation  of  these  from  a  constant  ratio  is  bnt 
8.6  per  cent,  of  their  average  value.  Finding  the  average 
deviation  from  a  constant  in  all  six  series  we  find  no  such  re- 
duction.    It  is  30.9  per  cent. 


112.5(13)  150.9(34) 

arithmetical  and 
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If  we  take  into  account  the  varying  number  of  observations 
contributing  to  each  average  by  weighting  each  difierence  with 
half  the  Biim  of  the  number  of  observatioiiK  of  the  two  aver- 
ages, the  difference  of  which  is  expressed,  we  obtain  a  still 
closer  approximation  to  au  arithmetical  series.  For  the  vari- 
ous series  the  avcnige  deviations  from  a  constant  difference 
then  become  in  percentages : 

L  CD  L  (2)  E.  H.  J.  (1)  J.  (3) 

10.8  18.1  19.0  13.1  13.3  17.4 

and  for  the  combined  average  of  all  only  6.3  per  cent.  It 
may  be  noted  too  that  the  combination  of  L's  as  of  J 'a  two 
sets  of  observations  conform  mor*--  closely  to  the  arithmetical 
series  than  either  one,  and  that  the  greatest  deviations  from 
the  constant  ratio  are  apt  to  occur  in  the  two  extremes  of  the 
series,  when  the  shortest  an<J  when  the  longest  lengths  are  con 
cemed,  the  reason  of  which  is  obvious.  Tncomplet*;  as  these 
results  are,  they  are  {perhaps  sufficiently  definite  to  suggest 
strongly  the  inapplicability  of  the  physo-physic  law  (when 
thus  tested),  to  spatial  impressions  gaineil  by  fore-arm 
movements.  These  movements  ai-e  not  altogether  dissimilar 
to  those  made  in  running  a  linger  along  a  stick  (v.  these 
studies  in  this  JovKyAL,  Vol.  Ill,  p.  47),  and  in  both  cases  the 
judgment  of  length  is  rather  conscious  and  referred  more  or 
less  definitely  to  units,  probably  to  notions  gained  through 
knowledge  of  feet  and  inches.  They  thus  form  :in  udtlitioual 
corroboration  of  the  generalization  that  we  conform  to  the  re- 
quirements of  the  psycho-physic  law  in  gross,  en-moAH^',  an- 
alyzed impressionist  judgments,  hnt  not  in  precise  detailed, 
analyze<l  and  considerate  judgments.  The  experienoe.s  of  a 
civilizeil  environment  have  transferretl  many  forms  of  seuse- 
jadgment  from  the  former  to  the  latter  class,  among  them 
Spatial  judgments  l>oth  visual  and  motor.  In  these,  absolute 
differences  Iwcome  of  equal,  and,  at  times,  greater  importance 
to  us  than  relative  ones. 

Th£  Interference  of  Mental  Pbooesses  —  A  Pueu mi- 
nary  Survey. 
(With  the  AselstftDce  of  W.  B.  Caiiinka.) 

The  general  field  with  which  the  present  study  deals, 
(though  in  a  somewhat  eclectic  and  tentative  manner),  is  the 
power  of  carrying  on  two  mental  processes  at  the  same  time. 
How  far,  we  naturally  ask,  is  this  possible,  how  far  economi- 
cal t  How  shall  we  conceive  this  mental  simultaneity,  how 
cultivate  and  develop  the  powert  We  know  that  the 
shortening  of  mental  processes  brought  about  by  practice  is 
largely  due  to  the  power  of  doing  two  things  at  once,  is  an 
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overlapping  of  mental  prooeeaes;  we  kDOv,  too.  that  when 
prooesBee  beooine  antooufctic  they  may  aM?om|iiaiiy  moredelib- 
txVto  and  reaaoned  proeeeees  without  intciferenee ;  and  we 
tertSker  reoognlse  that  ceitafai  propeaaM  direded  to  a  common 
end  are  almost  as  easily  performed  together  as  separately.  On 
tbf>  other  hand  we  ob»(-n'e  that  states  of  extreme  concentration 
are  char^oterized  by  immobility,  even  by  a  slaokvoinp  of  the 
automatic  fanctions  ;  we  observe  the  varioas  kindsofdistorb- 
anoe  all  indicating  the  interference  of  two  or  more  mental 
prooeases ;  and  we  appreciate  the  necessity  of  dividing  oox 
work  into  small  parta  so  that  they  may  be  easily  absorbed  and 
not  overtax  our  powers.  In  entering  upon  this  general  prob- 
lem,  we  at  once  encounter  the  difficulty  of  defining  the  mental 
nnit;  what  is  a  mental  process!  In  a  certain  sense  we  are 
always  doing  two  things  at  once ;  the  rfaythmicaJ  functions  of 
circulation  and  respiration  go  on  while  we  work  ;  we  walk  and 
think,  we  eat  and  talk,  we  write  and  listen  at  the  same  time. 
In  ever3'  game  of  skill  several  senses  act  at  once ;  the  eye  and 
hand,  the  ear  and  mouth,  taste  and  smell  act  together  and  aid 
one  another.  On  the  other  hand,  however,  in  an  intense  at- 
tention to  some  fascinating  event  we  stand  motionless  and 
almost  stop  breathing ;  many  persons  when  thoroughly  inter- 
ested while  talking  ui>on  the  street  involuntarily  slacken  their 
pace,  or  stop  altogether ;  few  of  those  who  illustrate  their  re- 
marks by  off-band  sketches  can  talk  and  draw  at  the  same 
time,  and  soon.  Our  general  iuquiiy  is  '*What  processes 
hinder,  what  aid  one  another;  -^  the  present  study  makes  no 
attempt  to  answer  this  most  important  querj,  but  simply  de- 
scribes a  few  facts  and  suggestions  relating  to  a  very  small 
and  sjiecial  portion  of  the  general  field. 

We  choose  as  the  two  t>'pes  of  process,  (1)  the  performance 
of  finger  movements,  involving  rhythm  and  counting,  and  (2) 
of  such  processes  as  adding  and  reading  under  various  condi- 
tions. The  former  were  written  (by  the  usual  method  of  a 
system  of  Marcy  tambours)  npon  a  rotating  cylinder,  while 
for  the  latter  we  simply  not«d  the  time  of  a  set  task,  per- 
formed as  rapidly  as  possible.  Our  records  are  in  no  case 
very  full,  and  the  conclusions  drawn  are  suggestive  rather 
than  final.  We  will  consider  first  the  efiect  upon  the  move- 
ment of  an  accompanying  mental  task. 

The  chief  movements  used  were  : 

(1)  A  regular  beating  with  the  finger  at  any  rate  the  sub- 
ject chose ;  this  we  speak  of  as  an  ad  Ubifum  movement. 

(2)  A  movement  as  rapid  as  possible  and  still  regular ; 
this  is  a  maximum  movement. 

(3)  Beating  in  groups  of  2s,  3s,  4s,  Ss  or  more. 

(4)  Beating  in  alternate  groups  of  3s  and  2s,  and  6s,  4a 
and  2s. 
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(5)  Keeping  time  to  a  metronome  at  different  rates,  to  an 
air  hnmmed  to  oneself,  etc. 

The  method  hy  which  the  effect  of  mental  tasks  upon  these 
movements  was  estimated  was  to  compare  the  tasp^  the 
regutarify  and  th^lime  of  these  movements  when  accom]>anied 
and  when  unaccompanied  by  mental  operations.  Our  results 
are  not  sutHciently  numerous  to  show  carefaUy  alJ  those 
effects  (time,  ease  and  regularity),  but  in  general  certain  ten- 
dencies are  evident.  The  case  is  shown  not  alone  by  the  feel- 
ing of  difficulty,  but  as  well  by  the  presence  of  errors,  varying 
in  kind  and  degree  ;  so,  too,  even  when  the  rhythm  is  main- 
tained, it  may  be  more  or  less  irregular,  and  in  turn  this 
irregularity  manifesto  itself  in  a  slowing  of  the  movements. 
This  slowing  up  is  the  natural  accompaniment  of  difficult 
processes.  It  will  thus  l)e  seen  that  these  three  indications 
are  closely  connect-eii  with  one  another,  each  being  in  a  meas- 
ure indicative  of  the  others  and  all  evidencing  the  same  points. 
The  "normals'-  or  times  of  movements  with  no  accompany- 
ing mental  process  are  naturally  variable.  The  reeonls  upon 
six  daj's  for  J.  J.  of  an  ad  lihifum  movement  were  335(7, 
320(1,  318  fl.  618  <T.  388(7,  424  o,  326o.while,  when  several  records 
were  taken  in  the  same  day,  the  variations  were  much  slighter 
in  extent.  The  rate  of  maximum  movements  is  much  more 
constant,  aa  the  following  records  (of  J.  8.)  show:  152,  163, 
140,  148,  160,  164(7.  For  beating  in  gi-onps  of  5  the  records 
(of  J.  J.)  have  the  following  times:  1837,  1966,  1801, 
1734,  1471a.  and  so  on.  These  figures  may  perhaps 
suffice  to  illastrate  the  range  of  constancy  of  the  phenomena 
in  question. 

Onr  first  qnerywill  be:  How  far  (neglecting  forthe  moment 
tJie  nature  of  the  accompanying  mental  operation)  will  various 
movements  be  interfered  with  by  the  accompanying  processl 
Our  facts  suggest  tlie  com-lusion  that  the  simpler  movements 
are  less  interfered  with  than  tJie  more  couijjlex  ones ;  llie  rec- 
ords of  ad  liliUutn  movements  show  no  appreciable  difference 
when  accompanied  or  when  unaccompanied  by  other  tasks  ; 
maximum  movements  are  always  somewhat  slackened 
by  the  accompanying  task ;  beating  in  groups  of  28,  38,  4s 
or  58  t)ecome  successively  more  and  more  int-erfered  with  by 
accompanying  mental  processe-s,  such  interference  appearing 
not  very  much  in  araodification  of  time,  but  in  the  irregularity, 
the  presence  of  errors  (there  being  as  a  rule  more  beats  in  a 
group  then  there  should  be)  and  in  the  feeling  of  strain;  in 
such  movements  as  beating  in  groups  of  eleven,  of  alternate 
ds  and  2s  or  6s,  48  and  2h,  frequent  failures  set  in,  and 
when  the  result  is  fairly  successful,  (lie  time  is  increased  and 
the  record  more  or  less  irregular.  We  are  unable  to  range  the 
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TarioQS  moveraente  in  their  order  of  relative  difficulty  by  the 
amount  of  interference,  but  the  extremes  are  very  markinUy 
differentiated. 

Oar  second  query  relates  to  the  amount  of  interference  of 
different  mentai  taeka.  Beading  words  in  eouetructiou,  read- 
ing words  disconnected,  reading  numbers  and  adding  numbers 
were  the  cbief  types  of  processes  used ;  of  the^e,  residing  words 
in  sentences  is  by  far  the  easiest  task,  all  the  others  tending 
to  make  the  subject  have  each  beat  coincide  with  a  word  or  ad- 
dition, and  thus  slowing  the  process.  Furthermore,  anyof  the 
movements  involving  counting,  (particularly  alternating  3b 
and  28  and  the  like)  were  more  interfered  with  by  adding 
than  by  reading.  But  the  most  striking  difference  depends 
upon  the  manner  of  going  through  the  mental  process,  that  is^ 
whether  the  reading,  et*^;..  is  done  aloud  or  to  oneself.  In  the 
former  case  the  interference  sets  in  much  sooner  and  is  much 
more  serious  than  in  the  latter.  Even  quite  simple  movements 
are  rendered  irregular  by  reading  or  ailding  aloud  ;  and  anch 
movements  as  beating  in  Ss  and  2s  or  6s,  4s  and  28  were 
practi(^y  failures  in  such  a  case,  though  very  suc- 
cessfully done  with  silent  reading.  An  intermediate 
process  of  mumbling  seemed  to  yield  an  intermediate  degree 
of  difliculty.  The  interference  manifests  itself  clearly  in  an 
increa«eil  effort,  a  great  irregularity  and  presence  of  errors, 
and  a  lengthening  of  the  time  of  movement.  Motor  processes 
thus  seem  to  interfere  with  motor  ones,  while  refraining  from 
movement  during  intellectual  effort  would  be  helpful.  Passing 
now  to  the  effect  of  an  accompanying  movement  u]>on  the  time 
of  such  operations  as  reading  sentences,  words  or  numbers, 
adding  (both  aloud  and  to  oneself)  ;  our  data  are  meagre,  but 
the  following  suggested  inferences,  together  with  the  facte 
that  suggest  them,  may  be  notcHl. 

(1)  The  time  needed  to  perform  these  mental  processes  is 
distinctly  increased  by  such  accompanying  movements,  the 
extent  of  the  increase  depending  upon  the  complexity  of  the 
movement.  (The  general  average  of  all  the  records  (107) 
shows  an  increase  of  4.28  seconds  or  30.8  per  cent.;  J.  J., 
6.5  seconds  or  26.6  per  cent.;  W.B.  C, 6.02  seconds  or  36.6 
per  cent.) 

(2)  Comparing  the  process  of  adding  with  that  of  reading, 
the  former  is  the  more  complex,  and  seems  to  be  more  inter- 
fered with  by  the  accompanying  movement*.  (Oomptarable 
records  are  only  about  a  half-dozen  of  J.  J. 'a  in  which  the  per- 
centages of  increase  art*  iibont  rs  40  per  cent-  to  30  per  cent. 

(3)  Beading  and  adding  aloud  are  slightly  more  interfered 
with  by  the  movements  than  the  same  processes  performed  to 
oneself.    (In  six  dosen  records  of  J.  J.,  the  percentages  of  in- 
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crease  in  the  two  cases  are  31  per  cent,  and  24  per  cent.;  in 
W.  B.  C,  the  result  is  obscured  by  other  factors.) 

(4)  Of  the  effect  of  different  kinds  of  accompanying  move- 
ments the  following  may  be  mentioned. 

(a)  If  the  movements  are  rhythmical  beats  arranged  in 
groups,  like  a  line  of  verse  or  a  measure  of  music,  the  time  in- 
creases with  the  number  of  be^ts  in  a  group.  For  W.  B.  C, 
with  groups  of  2,  3,  4,  5,  0,  the  times  of  reading  the  same  pas- 
sages were  10.4,  11.0,  13.8,  14.0,  15.4  seconds.  In  one  case 
groups  of  eleven  were  attempted  with  an  inci'ease  above  the 
normal  of  about  80  per  cent.  A  similar  result  appears,  too, 
in  attempting  to  keep  time  to  a  beating  metronome  every  2d, 
3d,  4th  or  Oth  stroke  of  which  is  marked  by  a  bell,  with 
the  accented  sjUahle  to  iroincido  with  (lie  Ktroko  of  the  ])ell. 

(b)  Simple  regular  beating,  whether  to  the  accompaniment 
of  a  metronome  or  without^  can  be  done  without  increase  of 
time  for  reading  or  adding ;  for  J.  J.  this  is  true  independ- 
ently of  the  rate  of  the  interval.  Indee<]  there  is  some 
evidence  that  a  maximum  rate  of  beating  also  hurries  np  the 
mental  process.  The  moveniente  that  retai-ded  the  processes 
most  were  beating  in  groups  ofeleven,  makingthree  Ijeat^s  of  the 
right  hand  correspond  to  one  of  the  left,  and  beating  in  groups 
formed  by  a  six,  a  four  and  a  two  io  tuni. 

(5)  lleadingdisconnected  wonlsismoreinterferedwith  than 
reading  words  forming  sense ;  part  of  which  is  due  to  the  ten- 
dency of  making  each  word  correspond  to  the  beat.  While  all 
these  points  require  further  corroboration,  our  results  are 
sufficiently  suggestive  to  evidence  the  promise  of  research  in 
this  direction.  The  next  step  would  be  to  make  a  detailed 
study  of  a  few  types  of  interference  and  accumulate  sufficient 
records  to  allow  of  quantitative  expression.  This  it  is  hoped 
will  be  undertaken  upon  some  future  occasion. 


THE  SIZE  OF  SEVERAL  CBAJOAL  NERVES  IN  MAN 

AS   INDICATED   BY   THE  AREAS  OF  THEIR 

CROSS-SECTIONS. 


Henby  B.  Donaldson  and  T.  L,  Bolton. 


(Prom  Uw  N«urotOfric*l  Labontoiy  of  Clark  tJoWeraitr.) 


On  several  of  the  cranial  nerves  of  man  we  have  measured 
the  areas  of  cross-sections,  taken  at  definite  point*;,  and 
souf^ht  by  this  means  to  Ret  a  numerical  expression  for  the 
size  of  these  nerves.  The  immediate  reason  for  the  investi- 
gation was  the  desire  to  compare  with  normal  material 
the  cranial  nerves  of  the  blind  deaf-mute  Laura  Bridg- 
man  in  order  to  determine  in  her  case  bow  far  theee 
nerves  departed  from  the  normal  size.  The  relation  of  the 
size  of  the  cranial  nerves  to  the  oUier  structures  with  which 
they  are  associated  is  a  matter  of  much  interest,  but  one  to 
which,  at  the  moment,  we  have  nothing  to  contribute. 

Little  importance  seems  to  have  been  attached  to  the  size 
of  tJiese  ntrves  by  those  authors  whom  we  have  been  able  to 
consult.  In  general  the  text  books  have  nothing  to  say  on 
the  subject.  Sciiwalbe  ( ' ),  v.  Gudden  (*),  Salzer  (')  and  W. 
Kranse  (■*)  have  measured  the  area  of  the  cross-section  of  the 
optic  nerve  in  man,  for  the  most  part  near  the  bulb,  and 
have  obtained  areas  as  small  as  7.09  sq.  mm.  Obersteiner(*) 
gives  the  average  area  as  about  9  sq.  mm.  Since,  how- 
ever, our  sections  and  theirs  were  not  made  at  similar  points 
on  the  nerve,  a  detailed  comparison  is  unnecessary.  In  addition 
to  the  Bridgman  specimen  the  material  employed  consisted  of 
seven  male  and  three  female  u ncephala.  A  few  brief  state- 
ments will  be  nt^cessary  by  way  of  comment  upon  the  Table 
I.  in  which  we  embody  our  results. 

Only  the  first,  second,  third  and  fourth  nerves  have  been 
studicJd.  The  olfactory  bulb  was  sectioned  where  it  was 
thickest.  The  olfactory  tract  where  it  was  thinnest.  The 
optic  nerves  about  10  mm.  from  the  cliiasma.  The  oculo- 
motor nerves  about  10  mm.  from  their  superficial  origin  and 
the  trochleares  at  the  point  where  they  lie  on  the  lateral 
aspect  of  the  brain  stem. 

In  forming  the  table  the  distiucLion  between  the  nerves  of 
the  right  and  those  of  the   left  side  is  neglected,  but  the 
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CUAVlkL  NEBVES  IN   HAN. 


vertical  glass  plate  uj>on  which  tracing  paper  was  fastened. 
The  outUno  of  the  picture  ou  the  tracing  paper  was  then 
followed  with  a  hard  pencil  ;  the  outline  in  all  cases  being 
taken  inside  of  tlie  epineuriiim.  The  amount  of  enlargement 
was  usually  25  diameters ;  for  the  smallest  nerves,  in  some 
cases,  about  double  this  enlargement  was  used.  The  amount 
of  enlargement  was  determined  by  projecting  a  surface  ruled 
in  squares  0.5  mm.  on  each  side.  This  surface  had  been 
previously  tested  and  the  ruling  found  to  be  accurate.  The 
parts  of  the  projecting  apparatus  wei-e  rigidly  fixed  and  the 
enlargement  tested  both  l^fore  and  after  each  set  of  obser%-a- 
tions.  The  error  here  depends  on  the  accuracy  with  which  the 
outline  can  b«?  followed  with  the  pencil,  and  amounts  at  most  to 
1  or  2  per  cent.  To  balance  this  error  two  tracings  were  made 
from  each  section.  The  tracings  were  next  traiisfeiTed  to  tin 
foil  by  laying  the  paper  over  the  foil  and  following  the  ootllne 
on  the  paper  with  a  fine  but  blunt  metal  i>oint,  thus  impi-essing 
it  on  the  foil.  The  piec^of  foil  was  then  cut  out  and  weighwl. 
Its  weight  divided  by  the  weight  of  1  sq.  cm.  of  foil  gave  the 
number  of  square  centimeters  contained  in  it  and  this  in  titm 
divided  by  the  square  of  the  number  of  diameters  by  which  it 
had  l)een  enlarged,  gave  the  aiva  of  the  set^tion  in  it^  original 
Bi7e.  II  for  the  moment  we  consider  the  tin  foil  to  have  a 
uniform  thickness,  then  the  first  source  of  error  is  that  of 
impressing  the  outline  traced  on  the  paper,  upon  the  foil. 
Next  is  the  error  due  to  cutting  out  the  piece  of  foil.  The 
cutting  was  done  with  a  small,  thin  and  pointed  scalpel.  The 
errors  here  are  small  and  may  be  considere«i  as  less  than  1 
per  cent.  To  balance  them  as  far  as  possible  each  outline  on 
the  paper  was  twice  impi-essed  on  the  foil.  Since  each 
section  bad  l>een  twice  outlined  and  each  of  these  outlines 
twice  impi-essed  on  the  foil,  there  were  finally  four  pieces  of 
foil  representing  each  section.  These  at  first  were  weiglied 
separately,  to  give  us  a  notion  of  the  amount  of  variation,  but 
later  in  the  investigation  thej'  were  weighetl  all  together,  and 
the  average  taken.  The  weighing  was  done  upon  chemical 
balances  weighing  to  tenths  of  mgr.,  and  no  error  of  im- 
portance entered  these.  The  further  reduction  was  simply  a 
matter  of  arithmetic. 

To  return  to  the  foil  which  is  an  all  important  factor.  That 
used  consisted  of  a  continuous  roll  one  foot  wide.  To  obtain 
samples  from  this  an  accurately  made  square  brass  frame, 
enclosing  an  area  3  cm.  on  each  side,  was  laid  on  the  foil  and 
the  enclosed  ai*ea  of  foil  cut  out  with  the  scalpel.  The  weight 
of  one  sq.  cm.,  obtained  by  calculation  from  the  weight  of 
pieces  containing  9  sq.  cm.,  was  found  to  range  between 
.0619  -f  and  .0674  -f  grms.    The  average  of  54  samples  of  the 
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foil  showed  the  weight  of  1  sq.  cm.  equal  to  .648  grms.,  which 
is  very  nearly  the  mean  of  the  ertremes  just  given.  Careful 
testing  Hhowed  that  the  two  incheH  of  foil  on  each  edge  of  the 
roll  gave  the  minimum  weight,  so  that  the  greatest  variation 
was  in  a  line  from  side  to  side,  across  the  roll.  The  differ- 
ence in  the  extreme  weight  amounts  to  about  9%  of  the 
smaller  figure — .0619  grms.  This  gives  the  impression  of 
rather  more  irregularity  in  the  foil  than  really  occurred.  If 
we  take  the  54  samples  we  find  that  405fc  of  them  are  within 
±  1%  of  the  average  and  that  80%  an*  within  ±  2%  of  the 
average.  Since  the  pieces  used  as  samph\s  were  taken,  as  a 
rule,  closer  to  the  foil  rt»presenting  the  nerve  than  th«y  were 
to  one  anotlier  and  in  many  oases  the  sample  was  taken  from 
within  the  foil  representing  the  nerve,  tlie  amount  of  error 
introiiuced  by  the  variations  in  the  weight  of  the  foil  can  be 
calculated  as  within  2%.  It  will  thus  be  seen  that  Che  cumu- 
lative errors  due  to  outlining,  cutting  and  variations  in  foil 
might  amount  to  5%  but  the  probability  of  their  doing  so  in 
any  single  instance  was  small. 

In  carrying  out  these  measurements  the  usual  rules  em- 
ployed in  psycho-physical  work  to  avoid  prejudicing  the 
result*  were  followed.  The  results  thercforeare  naiveand  such 
coincidences  as  occur  are  entirely  unforced.  If  we  knew  that 
the  section  as  prepared  on  the  slide  had  the  same  area  aa  in 
tJie  natural  state  we  uiight  end  our  discussion  here.  Since, 
however,  the  area  has  been  influenced  by  the  treatment  of  the 
specimen  we  are  compelled  to  give  our  methods  in  detail  and 
estimate,  as  best  we  can,  th<^  amount  of  correction  required. 

The  fresh  nonces  were  all  placed  in  a  solution  of  2J% 
bichromate  of  potash  plus  ^  its  volume  of  96%  alcohol.  In 
this  they  remained  for  thn?e  weeks.  They  were  then  washed 
for  a  day  in  water,  jmt  in  05%  alcohol  for  3  or  1  days  and 
finally  in  80%  alcohol  in  which  they  were  kept  until  imijetlded. 
We  have  determined  that  the  reaction  to  reagents  of  thenerve- 
tissoes  of  the  sheep  is  similar  to  lliat  of  man.  To  test  then, 
in  detail,  the  influence  of  this  trpatment  we  took  similar 
nerves  from  the  sheep  and  subjected  them  to  like  conditions. 
For  this  purpose  six  olfactory  bulbs,  six  olfactory  tracts,  and 
three  pairs  of  optic  nerves  from  the  shi'op  wen^  weighed  and 
the  volume  taken  and  then  carried  through  the  several 
solutions. 

Thus  they  were  prepared  as  the  human  nerves  had  been. 
Finally  in  80%  alcohol  the  volume  for  the  olfactory  bulbs 
was  found  to  be  5.2%  greater  than  in  the  fresh  specimen, 
that  for  the  olfactory  tracts  8.8%  greater,  and  that  for  the 
optics  2.6%  greater.  So  far  as  we  have  observed  the  vari- 
Btion  in  volume  is  symmetrical  for  the  olfactory  bulbs  and 
tracts  but  for  the  optic  nerves  it  is  not  symmetrical. 
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In  the  first  two  iiiKtances  the  Kqiiai-e  of  the  cube  root  of  tbe 
total  enlargement  will  give  as  the  area  desired. 


Hence  for  olfactory  bulb, 
"  "  tract, 
*'     •optic  nerves, 


area  «» 101.7% 
"  =102.0% 
"    =105.8% 


That  is,  the  areas  of  the  bulb,  tract  and  optic  nerves  are 
resi)ectively  1.79?;,  29I?  ^^^  5.8%  more  than  in  the  nerve  in 
its  natural  stAte.  The  original  observations  are  therefore  to 
be  corrected  for  this  increase. 

Specimens  were  imbedded  in  celloidin  in  the  nsual  manner. 
By  cutting  a  section  before  imbedding,  then  carrying  the 
specimen  through  the  process  and  cutting  another  section,  it 
was  found  that  iml)edding  iu  c^^Uoidin  did  not  influence  the 
area  of  the  section.  The  sections  were  treated  as  follows ; 
stained  in  a  solution  of  acid  fuchsin  (acid  fuchsin  1  grm,, 
96%  alcohol  80  c.c,  aqua.  dist.  80  c.c.)  for  2  or  3  minutes, 
washe<l  in  water,  dehydrated  in  95%  alcohol,  and  then 
cleared  cither  iu  oleum  origanum  cretici  or  Weigert's  raixt.nre 
— 3  parts  of  Xylol  plus  1  part  of  anhydrous  carbolic  acid — 
and  mounted  in  Xylol  Balsam.  Following  the  sections  step 
by  step  through  this  process  by  taking  the  outline  aftw* 
applying  each  reagent,  it  was  found  that  the  treatment  pro- 
duced no  change  in  the  area.  Other  sections  from  the  same 
specimens  were  stained  for  5  minutes  with  Delalield's  hiema- 
toxylin  dilulctl  to  one-third  it*  strength,  and  then  dehydrated 
and  mounted  in  the  manner  above  described.  After  the  htema- 
toxylin,  stain,  treatment  with  the  Xylol-carbolic  eleariqg 
solution  caused  a  well-marked  swelling  of  the  section  and  so 
an  increase  of  area.  Sections  tiius  treated  were  not  used  for 
measurement  and  we  only  mention  this  reaction  as  perhaps  of 
interest  in  showing  the  inter-dependence  of  the  various 
reagents  use<l  because  when  the  hiumatoxylin  was  cleared  by 
oil  of  origanum  the  area  of  tbe  section  remained  nnchanged. 

From  this  it  was  plain  that  in  order  to  reduce  the  sections 
to  natural  size  they  needled  to  be  corrected  only  for  the  swell- 
ing which  had  taken  place  in  hanleniug  the  specimens.  For 
this  correction  the  numbers  above  given  were  used. 

The  only  ex(!<!ption  to  this  general  statement  was  in  the  case 
of  the  optic  nerves  of  Laura  Bridgman  which  were  so  poor  iji 
medullary  substance  that  it  seemed  fair  to  suppose  that  they 
would  swell  but  very  slightly,  if  at  all,  in  the  process  of 
hartlening  and  therefore  the  numl)er8  which  appeal*  in  the 
table  represent  the  actual  size  of  the  hanlened  sections.     The 


*The  method  of  obtaining  the  flgtire  for  the  optic  nerve  will  be  ex- 
plained hi  aoother  paper. 
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other  nerves,  ITI  and  TV,  in  Table  I,  were  corrected  as  though 
like  the  optic  nerve  in  reaction. 

It  need  only  be  added  that  the  microtome  used  for  making 
the  sections  permitted  us  to  adjust  the  position  of  the  object 
Bo  that  the  sections  couhl  be  cut  at  right  angles  to  the  axes  of 
the  nerves.  Care  was  takea  to  that  this  was  done  with  all 
possible  accuracy. 

A  source  of  error  exists  in  the  determination  of  the  part  of 
the  olfactory  bulb  which  is  thickest  and  the  part  of  the  tract 
which  is  thinnest,  but  siuce  the  pairs  of  sections  from  the 
same  brain  coincide  fairly  well  it  does  not  seem  to  us  that 
our  result-s  are  seriously  affe<^ted  by  this  disturbing  factor. 

We  conclude  therefore  : 
1:  That  the  symmetrical  nerves  in  normal  t>rains  tend  to  be 

alike. 
2.  That  there  may  be  great  differences  between  individuals  in 

the  size  of  these  nerves. 
St  Thai  the  figures  in  the  table  represent  within  ±5%  the 

areasof  the  several  nerves  reduced  to  their  natural  size. 

In  Laura  BRTDCisrAN. 
4.  That  the  olfactory  bulbs  and  tracts  are  email. 
6'.  That  the  optic  nerves — especially  the  left  optic, — are  very 

small. 
6.  That  the  3rd  nerves  are  normal  in  size. 
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Thought  haa  often  been  designated,  hy  prominent  phlloso- 
pbical  critics,  a  kind  of  natural  language ;  but  that,  like 
language,  it  raiies  vith  different  classes  of  individuaU,  and 
to  what  extent  this  fact  may  be  regarded  as  the  source  from 
which  arises  the  gr«*at  variety  of  philosophical  theorj*  which 
exists  in  the  world,  has  as  yet  been  barely  noticed.  Just  aa 
men  of  different  nationalities  spe^k  in  different  vert>al 
languages,  so  do  different  types  of  individuals  think  in  differ- 
ent thought -langnagcs  and,  jnst  as  in  the  case  of  verbal 
languages,  each  thonght-language  is  made  up  from  various 
different  sonrces.  but  has  one  dominant,  characteristic  founda- 
tion. In  one  tyi>e  the  ciiaracteristio  thought-stuff  may  be 
visual,  in  another  auditory,  in  another  motor,  and  another 
we  might  perhaps  conceive  with  Jager  to  be  based  on  the 
sense  of  smell.  On  every  such  fundamental  seujiatfonal 
thonght-stnff  there  is  built  np  a  furtber  web  of  verbal 
thought- stuff t  which  consists  in  trains  of  words,  each  of 
which  in  tarn  is  the  name,  mark,  or  sign  of  the  other,  and 
which,  very  much  like  a  series  of  algebraic  symlwls,  must  be 
regarded  as  unknown  quantities  until,  translated  from  one  to 
another,  they  at  last  receive  their  values  in  the  fundamental 
thought-stuff.  The  ortlinary  man  never  for  a  moment  sus- 
pects the  peculiar  mental  langnage  in  which  he  thinks,  bat 
lets  his  thoughts,  however  inconsistent  and  absurd,  flow  on 
uncriticized.  His  fundamental  mind-stuff  lies  hidden  beneath 
a  veil  of  words.  But  the  philosopher  strips  off  this  veil  and 
lays  bare,  tliough  not  for  himself  yet  for  the  critical  onlooker, 
the  true  foundation.  The  work  of  the  philosopher,  in  the 
light  of  our  analogy,  may  be  said  to  he  the  endeavor  to 
translate  the  algebraic  exposition  of  his  mental  life  into  the 
terms  of  his  fundamental  thought-stnfi.  And  if  such  is  the 
nature  of  philosophy,  each  distinct  doctrine  must  be  deter- 
mined by,  and  can  best  be  studied  by  Itecoming  familiar  with 
that  particular  thought-langnage  which  characterizes  the 
mental  temperament  of  the  philosopher  who  presents  it. 
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Taking  this  analogy  a«  a  standpoint,  the  object  of  the 
present  paper  is  to  offer  a  description  and  estimation  of  the 
sensationalist  psychology  in  it«  first  presentation  by  Hobbes, 
it«  development  by  Ix)rke  and  Berkeley,  and  its  culmination 
in  the  scopticism  of  Hnme;  in  which  an  attempt  will  be 
made  (1)  to  maintain  that  the  predominating  element  in  the 
thought  of  these  men  was  Visualization,  and  (2)  on  the  basis 
ol  this  fact  to  offer  a  new  criticism  of  the  psychology  of  Sen- 
sationalism. 

Ilftbbes. — Hobbes  is  the  tme  precnrsor  of  Sensationalism. 
The  following  is  a  short  summary  of  his  psychology  by 
Ueberweg : 

**  All  knowledge  grows  ont  of  sensations.  After  sensation 
there  remains  behind  the  memory  of  it,  which  may  reappear 
in  consciousness.  The  memory  of  objects  once  perceivetl  is 
aided  and  the  communication  of  the  same  to  others  made 
possible  by  signs,  which  we  connect  with  our  mental  repre- 
BODtation  of  these  objects ;  for  this  purpose  words  are  es- 
pecially nseful.  The  same  wortl  serves  as  a  sign  for  numer- 
ous similar  objects,  and  thereby  acqnires  that  character  ol 
generality  which  belongs  only  to  words,  and  never  to  things. 
It  depends  on  ns  to  decide  what  objects  we  will  always  des- 
ignate by  the  same  word;  we  announce  our  decision  by 
means  of  the  definition.  All  thinking  is  a  combining  and 
separating,  and  adding  and  sustracting  of  mental  representa- 
tions ;  to  think  is  to  reckon." 

Knowledge  according  to  Hobbes  has  two  sides.  (1)  Knowl- 
edge of  facts,  on  which  side,  is  included  (a)  "sensations," 
(b)  **  images, '^  ''phantiisms,"  "remembrances,"  "thoughts," 
by  all  of  which  he  means  the  same  thing,  (c)  trains  of  images 
or  thoughts.  (2)  Knowledge  of  the  relations  of  facts  which 
he  falls  general  knowledge  or  science.  Hut  this  second  side 
of  knowledge  is  not  recognize*!  as  a  truly  mental  process.  It 
belongs  to  that  portion  of  the  mental  language  which  we 
designated  "verbal-stuff.''  Though  he  i-ecognizes  it  as  the 
highest  (|uaIification  of  man,  yet  he  cannot  translate  it  into 
his  sensational  thought-langttage  and  hence  cannot  agree  to 
call  it  a  part  of  the  mental  process. 

'*  For  besides  sense  and  thoughts  and  the  train  ottbonghts, 
the  mind  of  man  has  no  other  motion  ;  though  by  the  help  of 
BptH-ch  and  method  the  same  faculties  may  be  improved  to 
such  a  height,  as  to  distinguish  man  from  all  other  living 
c«*atureK." 

It  is  plain  from  the  above  passage  that  Hobbes'  sensational 
thoughthtuff  consists  of  these  ''thonghtn"  or  "images." 
These  are  the  fundamental  terms  in  which  he  conceives  mind 
to  think.     And  all  we  have  to  do  now  is  to  ascertain  to  what 


particnlar  mental  lan^age  they  belong.  To  do  this  we  need 
only  ask  Hoblws  himself  what  he  means  by  an  ''  image.'' 

**  An  imiiije.  in  the  most  Ktrict  signifiratiou  of  the  word,  la 
tiie  resemblance  of  something  visible:  in  which  sense  the 
fantastical  forms,  apparitions,  or  seemin^H  of  viHible  bodies 
to  the  sight,  are  only  ima'jes  :  such  aa  are  the  show  of  a  man, 
or  other  thing  in  the  water,  by  reflection  or  refraction  ;  or  of 
the  Ban  or  stars  by  direct  vision  in  the  air;  which  are  nothing 
real  in  the  things  seen,  nor  in  the  place  where  they  seem  to 
be;  nor  are  their  magnitudes  and  figures  tiie  same  with  that 

I  ol  the  object ;  but  changeable  by  the  variation  of  the  organs 
of  sight,  or  by  glasses,  and  ai-e  present  often  times  in  our 
imagination,  and  in  our  dreams,  when  the  object  is  alwent; 

I  or  changtnl  into  other  rolors  and  shapes,  as  things  that  depend 
only  upon  the  fancy.  And  these  are  the  unarjes,  which  are 
originally  and  most  properly  called  idfajt,  and  idoi»  and 
derived  from  the  language  of  the  Grecians  with  whom  the 
word  "iRi6ti  signifieth  fo  st-e.  They  also  are  called  phantaJtms, 
which  is  In  the  same  language,  apparitions.  And  from  these 
imageB  it  is,  that  one  of  the  faculties  of  man's  nature,  is 
called  the  imagination.  And  from  hence  it  is  manifest,  that 
there  neither  is,  nor  can  be  any  image  made  of  a  thing  in- 
visible. 

**It  is  also  evident,  that  there  can  be  no  image  of  a  thing 
infinite  :  for  all  the  images,  and  phantasms  that  arc  made  by 
the  impression  of  things  visible,  are  figured;  but  figure  is  a 
quantity  every  way  determined,  and  therefore  there  can  be  no 
image  of  God;  uor  of  tlie  soul  of  man;  nor  of  spirits;  but 
only  of  bodies  visible;  that  is,  bodies  that  have  light  in, 
themselves,  or  by  such  enlightened.'" 

From  this  it  is  quite  evident  that  Hobbes  identifies  the 
whole  i)roce88  of  imagination  with  thatof  visualization.  Hear 
him  again  identifying  the  whole  intelligible  process  with  tbat 
of  ** seeing'^  in  his  intei'pretatlon  of  the  doctrine  of  the 
**  philosophy-schools.*' 

"But   the  philosophy-schools teach   another 

doctrine,  and  say,  for  tJie  cause  of  vision,  that  the  thing  seen, 
eendefch  forth  on  every  side  a  msible  species^  in  English,  a 
visible  ftfioir,  apparition,  or  ajtpect,  or  a  betnaneen;  the  re- 
ceiving whereof  into  the  eye,  is  seeing.  And  for  the  canse  of 
hearing^  that  the  thing  heard,  sendeth  forth  an  audible  specieSf 
that  is  an  audible  asj^ecf^  or  audible  f/eiug  seen;  which  enter- 
ing at  the  ear,  maketh  hearing.  Nay,  for  the  cause  of  tin- 
derstanding  also,  they  say  tine  thing  understood,  sendeth 
forth  an  intelligible  species,  that  is,  an  intelligible  being  seen; 


■  LevUtban,  IV,  4S. 
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■whicli  coming  into  the  nnderstandinjr  makea  us  uuderstand.'* 

Here  the  only  way  in  which  he  can  understand  the  doctrine 
that  a  thing  heard  sends  forth  an  audible  sppcies,  is  by 
viewing  it  as  an  "audible  being  .vfen;''  and  that  a  thing  un- 
derstood sends  forth  an  intelligible  species  is  by  taking  it  to 
mean  an  ''intelligible  beitir/  seeti,^' 

The  truth  of  the  matter  is  that  Hobbes  can  hardly  speak 
without  betraying  the  fact  that  in  so  far  afi  he  is  a  psycholo- 
gist he  is  a  visualizer. 

"No  man  therefore  can  conceive  anything,  but  ho  must 
conceive  it  in  some  j>lare:  and  indeed  with  some  deierminate 
magnitude;  and  which  may  be  divided  into  parts." 

Thus,  I  think,  no  further  evidence  is  necessary  to  show 
that  the  sensationalism  of  Hobbes  is  strictly  speaking  only 
visualisation. 

Locke. — To  Locke's  philosophy,  as  iu  every  other  philoso- 
phy, there  are  two  sides  ;  there  is  the  side  which  he  worked 
-oat  and  explained  and  the  side  which  he  assumed  but  could 
not  explain,  the  side  which  he  faithfully  deduced  from  his  own 
original  system,  and  the  side  which  consists  in  fragments 
which  he  plucketi  from  tradition  to  fill  up  the  gaps  in  the 
former.  The  one  is  the  sensational  side,  or  rather  that  por- 
tion of  knowledge  which  he  succeeded  in  translating  into  his 
own  particular  kind  of  "sensational  thought-stuff,''  and  the 
other  is  that  portion  which  he  failed  to  translate  and  which 
remains  in  the  form  of  "verbal  thought-stuff/'  or  untrans- 
lated ''algebraic  symbolism/'  The  former  is  bis  celebi-ated 
theory  of  ideas  aud  is  the  side  wliich  concerns  us  here. 

According  to  this,  all  knowledge  has  its  origin  in  sensation 
and  reflection,  the  latter  being  considered  as  int'Crnal  sensa- 
tion. The  endless  variety  aud  vast  complex  of  human 
thought  he  scientifically  reduces  to  its  atoms,  which  he  desig- 
nates by  the  term  "simple  ideas.''  These  are  the  "materials 
of  our  knowledge,"  and  ai-e  "imprinted"  on  the  senses 
whether  we  will  or  not.  In  this  primary  stage  of  knowledge 
the  mind  is  "for  the  most  i)art  passive."  ^kch.  simple  idea 
Is  a  distinct  existence  in  itself,  and  is  impressed  on  the  mind 
as  words  are  inscribed  on  a  sheet  of  blank  paper.  There  is 
no  other  source  from  which  knowledge,  however  abstract  and 
general,  can  come.  But  these  ideas  can  be  combined  and  per- 
muted in  an  endless  number  of  ways,  which  combinations  are 
-called  "complex  ideas."  In  thi^se  latter  the  sim|)le  ideas  are 
not  conceived  of  as  mixed  or  blended,  they  are  only  con- 
Joined  ;  so  that  it  is  not  necessary  to  decompose  a  complex 
idea  in  order  to  get  its  simple  elementH — it  is  ouly  necessary 
to  mechanically  separate  them.  Consciousness ^  then,  he 
jnakes  to  consist  in  a  series  of  ideas  which  pass  through  the 


mind,  one  Bucceediag  another  **at  a  certain  di8taxie«."  some- 
what after  the  fashion  of  a  "train  ;**and  from  this  fnndamental 
view  he  goes  on  to  shov  bow  the  more  complex  and  general 
forms  of  knowledge  may  arise.  Now  the  question  which  de- 
mands attention  is.  What  kind  of  sen&ationaliam  is  it  that 
is  depicted  heret  What  sort  of  sensational  mind-stnfi  is  at 
the  twttom  of  snch  a  theory  1 

The  answer  might  be  suspected  at  the  outset  if  only  Locke's 
method  be  observed.  His  method  is  that  of  introspection, 
and  that  in  the  strictest  signification  of  the  word.  We  find 
him  constantly  using  snch  expressions  as  "if  we  look  imme- 
diately into  ourselves/'  ''when  the  mind  rums  its  view  in- 
wards/' and  many  such  terms  all  borrowed  from  the  sense  of 
sight.  This  at  once  suggests  visualization.  But  let  as  see 
how  he  describes  th^  results  of  his  introspection.  Speaking 
of  the  senses  he  says : 

Lock*^  IL  11:2. — "These  alone  •  •  are  the  windoufs  by 
which  lifjht  is  let  into  this  dark  room ;  for  methinksthe  under- 
standiu^  is  not  much  unlike  a  closet  wholl3'  shut  from  light, 
with  only  some  little  opening  left,  to  let  in  external  visible 
reaemblnnres,  or  ideas  of  things  without.*' 

In  this  passage  the  figure  nsed  to  express  the  whole  prooees 
of  the  understanding  is  taken  from  the  s<-nse  of  sight.  The 
same  kind  of  figure  is  used  in  his  account  of  attention : 

Locke  If,  10:3. — "Sometimes  the  mind  fixes  itself  with  so 
much  earnestness  on  the  contemplation  of  some  objects  that  it 
turng  Uieir  ideas  on  tillsideii,  remarks  their  relations  and  cir- 
camstances,  and  ci'fi/v  every  part  so  nicely,  aud  with  snch  in- 
tention, that  it  shuts  out  all  other  thoughts,  aud  takes  no 
notice  of  the  ordinary  impressions  made  then  on  the  sensee, 
which  at  another  season  would  produce  very  sensible  percep- 
tions; at  other  times  it  barely  ob^n-es  the  train  of  ideas  that 
succeed  in  the  understanding  without  directing  and  pursuing 
any  of  them ;  and  at  other  time-s  it  lets  them  pass  almost  qaite 
unregarded,  asfaini  tthntlofcjt  that  make  no  impression.''^ 

In  his  account  of  memory  there  is  a  remarkanly  strong  ten- 
dency to  risnalixation.  He  is  constantly  using  such  phrases 
as  "ideas  laid  aside  out  of  sight.*'  'udeas  lodged  in  the  mem- 
ory," "ideas imprinted  on  thememorj',"  "dormant  pictures;" 
and  in  one  of  the  most  eloquent  passages  of  his  book  he  de- 
scribes the  phenomena  of  forgetfnlness  Urns: 

Locke  IT,  10:5.  "Tbus  the  ideas^  as  well  as  children,  of 
our  youth  often  die  before  us,  and  our  minds  represent  to  ns 
those  tombs  to  which  we  are  approaching,  where  though  the 
brass  and  marble  remain,  yet  the  inscriptions  are  e^actd  by 
time,  and  the  ima^ry  moulders  away.  The  pirtvres  draicn 
in  otir  minds  are  laid  in  fading  colors^  and,  if  not  sometimeA^ 
refreshed,  vanish  and  disappear*-^ 


In  the  alwve  passage  we  can  see  his  description  of  con* 
ficiouaness  as  it  is  just  going  out — as  it  is  becoming  "not  con- 
sciousness.-' And  what  does  it  amount  tot  ^otiiing  more 
than  a  waning  or  fading  of  viHual  images.  The  "pictures^' 
fade  gradually,  and  when  th^y  have  so  faded  as  to  be  no 
longer  vi8il>le  they  are  in  the  realms  of  the  forgotten — they 
arc  no  longer  parU  of  consciousness.  This  view  of  conscious- 
ness is  again  brought  out  very  decidedly  in  his  distinction 
t)etween  *'clear''  and  *'obscure" ■  ideas. 

Locke  TI,  29:2. — "The  perception  of  the  mind  being  most 
aptly  explained  by  words  relating  to  the  sight,  we  shall  best 
understand  what  is  meant  by  clear  and  obscure  in  oar  iaeas 
by  reflecting  on  what  we  call  clear  and  obscure  in  the  objects 
of  sight.  Light  being  that  which  disrovers  to  us  visible  ob- 
ject«i,  we  give  the  name  of  obscure  t«  tJiat  which  is  not  placed 
in  a  light  sufQcient  to  discover  minutely  to  us  the  figure  and 
colors  which  are  observable  in  it,  and  which  in  a  better  light 
would  l>e  observable.  In  like  manner  our  simple  ideas  are 
clear  when  they  are  snch  as  the  objects  themselves  from 
whence  they  were  taken  did  or  might  in  a  well  ordered  sensa- 
tion or  perception  present  them.  Whilst  the  memory  retains 
them  thus  and  can  produce  them  to  the  mind  whenever  it  has 
occasion  to  consider  them,  they  are  clear  ideas. 

"So  far  as  tliey  either  want  any  of  the  original  exactness, 
or  have  lost  any  of  their  first  freshness  and  are,  as  it  were, 
faded OT  tarnished  by  time,  so  far  they  are  obscure." 

The  "clear"  idea  plaj's  an  important  part  in  Locke's  psy- 
chology. Though  perhaps  be  is  not  fully  aware  of  it,  it  must 
in  reality  be  the  criterion  of  knowledge,  as  is  shown  in  the 
theory  as  developed  by  Berkeley. 

Again  it  is  evident  that  that  n/attc  and  pa^ive  character  of 
the  mind,  which  is  so  striking  a  feature  of  the  sensationalist 
psychology,  is  chietly  dne  to  the  influence  of  visualization. 

Locke  Ei<sat/  Jik.  11,  1 :2o. — -'N'o  man  can  be  wholly  ignor- 
ant of  what  he  does  when  he  thinks.  These  simple  ideas, 
when  offered  to  the  mind,  the  undorstanding  can  no  more  re- 
fase  to  have,  nor  alter,  when  they  are  impnn/ed,  nor  blot 
them  out,  and  make  new  ones  itself,  ^Aah  a  mirror  can  n-fuse, 
alter,  or  oblit^rrate  the  imagem  or  idtoM  which  the  objects  set 
before  it  do  therein  produce." 

Locke  does  attribute  an  active  character  to  the  mind,  but  it 
is  one  of  those  processes  he  canuot  explain — be  has  to  leave 
it  in  the  web  of  "verbal  thought-stuff."  When  he  attempts  to 
explain  the  activity  of  mind  in  the  moral  world — he  distiuctly 
implies  itrt  deadness  and  passivity  as  intrl/ect.  He  there 
maintains  that  the  "iV/ca  of  the  greatest  goo<l"  cannot  deter- 
mine the  activity  of  the  will,  but  the  thing  necessary  to  such 
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deterininatlOD  iB  an  "t/;*ffrvrir(«4«*' — the  aneaainess  of  desire. 
He  has  to  pass  out  from  the  nphere  of  dall,  passive  ideas  or 
visual  images  and  resort  to  other  terms — * 'uneasiness*" 

Lastly,  he  speaks  of  consciousness  as  tMjing  a  sort  of 
^Uraiii^^  of  ideas,  each  of  which  has  a  distinct  existence  in  it- 
self, and  which,  though  separate  and  distinct,  he  assumes  to 
have  some  sort  of  connection,  but  how  or  iu  what  way  he  can- 
not discover.  Kow  how  does  he  come  to  have  such  a  notion 
of  the  psychic  pi-ocesa  ! 

Locke  11^  14:9. — '*I  leave  it  to  others  to  judge  whether  it 
be  not  probable  that  onr  ideas  do,  whilst  we  are  awake,  suc- 
ceed one  another  in  our  minds  of  cei'tahi  diftfanres,  not  much 
ui}Jike  t ft e  images  in  the  inside  of  a  lanfet^n  turned  round  by 
the  heat  of  a  candle." 

A  viHual  lif^re  again.  I  think  nothing  can  1>e  plainer  than 
that  this  couwption  of  thouglit  us  being  a  train  of  discon- 
nected ideas,  which  have  no  connection  in  themselves  but  are 
tied  together  in  some  unknown  way  by  some  foreign  tie,  is 
just  tJie  outcome  of  the  restriction  of  the  whole  psychic  pro- 
cess to  the  partial  process  of  visualization.  In  the  process  of 
yision  one  image  comes  and  goes,  another  follows :  we  see 
both  and  can  compare  them ;  they  may  be  like  or  unlike,  bat 
in  between  them  is  a  blank — we  see  nothing.  The  visual  train, 
is  a  broken  train :  it  may  be  connected,  indeed,  but  the 
connection  is  not  of  vision — it  is  a  foreign  element.  And 
jnst  such  we  have  seen  to  be  the  case  with  Locke's 
"ideas."  The  ideas  themselves  present  no  difficulties,  but 
the  relations  of  ideas  are  the  stumbling  block — they  cannot 
be  visualized  and  hence  there  is  a  tendency  to  discard  them. 
Locke  tries  hard  to  get  an  idea  for  '•  Substance  " — tries  hard 
to  visualize  it,  but  he  cannot,  and  what  is  the  resultl  "  It  is 
of  no  use  iu  philosophy."  Again  he  stumbles  on  the  thresh- 
old of  natural  science.  Natnral  science  looks  impossible  to 
him.  "There  can  be  no  science  of  bodies,"  and  why  t  Be- 
cause " the  simple  ideas  whereof  our  complex  ideaa 

of  substances  are  made  up,  are  for  the  most  part,  such  as 
c«rry  with  them  in  their  own  nature  no  visibfc  nectessary  con- 
nection." 

Jifrkelejf. — Berkeley  is  the  first  of  the  philosophers  under 
consideration  to  state  his  doctrine  in  the  terms  of  the  analogy 
with  which  we  started  out.  He  represents  the  whole  system 
of  tliought  as  a  Universal  Language. 

"HiMiceit  is  evident  that  those  things  which,  under  the 
notion  of  a  cause  cooperating,  or  concurring  to  the  produc- 
tion of  effects,  are  altogether  inexplicable,  and  run  us  into 
giviit  iilwurdlties,  may  be  very  naturally  explained,  and  have 
A  pmper  and  obvious  nse  assigned  to  them  when  they  are 
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considerwl  only  a^  marks  or  Rigfiis  for  our  information.  Ajid 
it  is  the  searching  after  and  endeavoring  to  understand  this 
Lan^niape  of  the  Author  of  Nature  that  ought  to  be  the  em- 
plojineiit  of  the  natural  philosopher ;  and  not  the  pretending  to 
explain  things  by  corporeal  causes,  which  doctrine  seems  to 
have  too  much  estranged  the  minds  of  men  from  that  Active 
Principle,  that  Supreme  and  wise  Spirit  **in  whom  we  live, 
move  and  have  our  being/" 

Bnt  though  Berkeley's  aim  is  to  apply  this  Natural  Lan- 
guage to  the  whole  extent  of  thought,  he  has  not,  as  we  shall 
Bee  lat*r,  succeeded.  The  language  which  he  thus  tried  to 
apply  was  his  own  particular  "  thought-language'' and  was 
too  narrow  and  limited  to  include  all  phases  of  thought. 
What  this  mental  langutige  is,  is  ma4le  verj'  eii)licit  in  the 
first  instalment  of  his  philosophy,  the  *' Essay  to wai-ds  a 
New  Theory  of  Vision/'  It  is  the  langua^  of  "visible 
ideas/' 

*'.  .  .  visible  ideas  are  the  language  whereby  the  Govern- 
ing Spirit  on  whom  we  depend  informs  ua  what  tangible 
ideas  he  is  about  to  imprint  upon  us,  in  case  we  excite  this  or 
that  motion  in  onr  bodies/^ 

At  first  he  cotisrtou^t/  extends  this  visual  language  to  the 
whole  content  of  thought  and  explicitly  asserts  that  it  is  the 
Universal  Tjanguage  of  Nature. 

"Upon  the  whole,  I  think  we  may  fairly  conclude  that  the 
proper  objects  of  vision  constitute  the  Universal  Language  of 
Nature,  whereby  we  are  instructed  how  to  regulate  our  actiona 
in  onler  to  attAin  those  things  that  are  necessary  to  the  pres- 
ervation and   well    being  of  onr  bodies,  as  also  to  avoid 
whatever  may  Iw  hurtful  and  destructive  of  them.     It  is  by  j 
their  information  that  we  are  principally  guided  in  all  the! 
transactions  and  concerns  of  life.     And  the  manner  wherein 
they  signify  and  mark  out  unto  us  the  objects  which  are  at  a 
distance  is   the  same  with   that  of   languages  and  signs  of 
hnman  appointment ;  which  do  not  suggest  the  thing  signified ' 
by  any  likeness  or  identity  of  natnre  but  only  by  an  habitual 
connection  that  experience  has  made  ns  to  ol}8erve  between 
them/*'' 

But  later  on  in  his  philosophy  he  recognizes  the  vast  extent 
of  thonght  and  the  inadequacy  of  his  language,  to  cover  it. 
Ho  therefore  seeks  a  wider  language — the  language,  not  of 
*viifif/h  i<ieajK  ^  hxxi  of  "  idcAs/'  What  he  proved  true  of 
vision  he  seeks  to  show  is  tiiie  of  the  whole  phenomenal 
woHd  of  sense.     But  in  this  he  succeeded  in  doing  little  more 


'BerkeleyFr.  Sel.  p.69. 

'  Berkeley,  Theory  of  Vision. 
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than  throwing  a  veil  over  his  own  eyes.  What  be  did  before 
knowingly  and  explicitly,  he  now  docs  blindly  and  implicitly. 
Tn8t«wl  of  broadening  his  language  to  suit  knowledge,  as  he 
thought,  he  only  narrowed  knowledge  to  suit  his  language. 
HiH  final  Universal  Language  is  nothing  but  the  name  old 
viBual  language,  presented  in  faded  colors.  Hin  theory  of 
knowledge  is  easily  recognized  as  a  full  a(;ceptance  and  more 
thorough  development  of  the  visualization  of  Locke. 

'*A11  our  ideas,  seusatioufl,  notions,  or  the  things  which 

wc  perceive are  visibly  inactive — there  is  nothing 

of  power  or  Agency  included  in  them.  So  that  one  idea  or 
object  of  thought  cannot  produce  or  make  any  alteration  in 
in  another."* 

In  this  passage  the  static  and  inert  charact4»r  of  the  con- 
scious process  are  forcibly  insist<?d  upon.  The  parts  of 
thonght  are  now  strictly  limited  to  the  characteristics  of 
visual  images — they  are  "  t'lWWy  iiiactivf,*''  And  tlie  result- 
ing philosophy  that  there  is  no  nece»nary  connection,  no  such 
thing  as  cause  and  effect,  existing  between  ideas,  is  for  the 
first  time  strongly  emphasized.  Ideas  can  resemble  or  be 
like  or  unlike  one-another,  just  as  visiial  images  can,  bnt  just 
like  visual  images  again  there  can  be  no  passage  from  one  to 
tlie  other — the  ^btficeen'  is  a  blank;  there  can  be  no  neces- 
sary connection,  no  cause  and  effect. 

From  this  same  pictorial  way  of  thinking  arises  also  the 
denial  of  the  possibility  of  knowledge  of  any  active  being, 
principle  or  relations. 

"A  little  attention  will  discover  to  us  that  the  very  being 
of  an  idea  implies  positive neM,i  and  inertne^M  in  it,  in  so  much 
that  it  is  impossible  for  an  idea  to  do  anything,  or,  strictly 
speaking,  to  be  the  cause  of  anything;  neither  can  it  be  the 
resemblance  or  pattern  of  any  active  being.'"^ 

Berkeley  indeed  recognizwi  the  existence  of  active  being 
and  relations  but  they  are  things  which  he  cannot  explain — 
he  cannot  express  them  from  his  visual  point  of  view.  We 
have  no  ideas  of  such,  we  have  only  some  vague,  far  off  cine 
to  their  existence — they  do  not  come  to  us  with  the  warmth 
of  ide^is,  we  only  may  be  said  to  have  some  "notion"  of 
them. 

"We  may  be  said  to  have  some  knowledge  or  notion  of  oar 
own  minds,  of  spirits  and  active  beings,  whereof  in  a  strict 
sense  we  have  not  ideas.  In  like  manufr  we  know  and  have 
a  notion  of  relations  l)etween  things  and  ideas —  ....  To 
me  it  seems  that  iiieojiy  npiriitt,  and  relatioiw  are  all  in  their 
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reftpective  kinds  the  object  of  human  knowledge  and  sabject 
■of  discourae ■*' 

Lastly,  the  visual  character  of  Berkeley's  mind  \a  brought 
out  clearly  in  his  violent  reaction  against  abstract  ideas.  For 
him  to  abstract  was  an  insuperable  diifieulty. 

"For  my  own  part,  whenever  I  attempt  to  fi*ame  a  iri tuple 
idea  of  Time,  abstracted  from  the  surcession  of  ideas  in  my 
mind,  which  tlows  uniformly  and  is  participated  by  all  lK>ingH, 
I  am  lost  and  embrangled  in  inextricable  difficulties.  I  have 
no  notion  of  it  at  all.''-' 

We  need  only  go  to  his  own  confessions,  to  be  convinced 
of  his  }>eculiar  mental  temperament.  ''I  can  imagine  a  man 
with  tooheadn/'hesayB,  "or  the  upper  parts  of  a  man  joined 
to  the  lx)dy  of  a  horse.  I  can  consider  tlie  hand,  the  eye,  the 
nose,  each  by  itself  abstracted  or  sepai-ated  from  the  rest  of 
the  iKtdy.  But  then  whatever  hand  or  eye  I  imagine,  it  must 
have  some  particular  shape  and  color/' 

Hume. — In  Hume  we  have  the  visnalization  psychology 
presented  in  its  purest  and  simplest  form.  What  Hume  L-an- 
not  visualize  he  will  not  admit  as  belonging  to  thought  or  con- 
sciousness at  all,  but  cousid^TH  as  •'illusion."  He  reduces 
the  whole  world,  mat-erial  and  mental,  to  ''impressions  and 
ideas,'*  the  only  diflei-ence  between  which  l>eing  not  of  kind 
bnfc  of  *'force  and  vivacity.''  Thei-e  is  no  such  thiug  as 
mat^erial  substance  because?  we  can  have  no  visual  ex- 
prcHsion  of  it.  Neither,  for  the  same  reason,  is  there  spii-it- 
ual  substance,  nor  cause  and  efiect,  nor  personal  identity. 
Kankind  he  regards  as  ''nothing  but  a  bundle  of  diffenmt 
perceptions,  which  succeed  eacJi  other  with  an  inconceivable 
rapidity,  and  are  in  a  perpetual  flux  aud  movement.''  Be- 
tween these  diffei-ent  perceptions  there  is  no  rt^al  connection 
nor  continuity,  no  underlying  substance  nor  cause  and  effect, 
which  things  cannot  be  i*et'n,  but  their  relations  consist  lu 
''resemblance"  and  "contiguity'^  for  the  simple  i-eason  that 
these  4'au  1m?  visualized.  In  his  figure  of  the  "th*?atre"  the 
visual  character  of  the  mind  is  plainly  enough  depicted. 
ConsciouHness  is  a  perpetual  dux  of  totally  different  distinctl 
and  disconnected  perceptions  and  nothing  more.  There  are! 
not  even  vaf/ue  connections  which  can  be  properly  calledj 
real  parts  of  thoughts. 

*'The  mind  is  a  kind  of  Oieatret  where  several  i)eroep- 
tions  successively  make  their  appearance,  pass,  re-pass,  glide 
away,  and  mingle  in  an  in1iuit<e  variety  of  {>ostures  and 
situations. 


'  Berkeltiv.  Prln,  Hum.  Kuo.  Sec.  89. 
■Berkeley,  Prlo.  Src.  98. 
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I     "The  comparison  mnst  not  miRlead  ua.     They  are  the  suc- 
^  (eessive  perceptions  only  that  conHtitnt©  the  mind." ' 

What  more  beautiful  figure  of  visnaliz-ation  conid  we  ask 
for  than  this  T  When  I  introspect  I  am  likened  unto  a  spec- 
tator at  a  theatre,  where  I  itie  the  images  pass  and  repass, 
etc.,''  all  processes  recognized  by  vision,  but  with  this  differ- 
ence that  I  am,  a.s  it  were,  on  the  stage  myself  and  conse- 
quently see  nothing  bnt  the  characters  in  the  play,  having  no 
Tiew  of  the  stage  on  which  they  atrt. 

Taking  it  for  granted  that  we  have  already  seen  sufficient 
particular  evidence  of  dominant  visualization  in  each  of  oar 
authors,  let  ub  now  look  for  a  moment  at  one  point  of  more 
general  evidence. 

It  was  dis(M>vered  by  Galton  in  his  thorough  investigations 
into  the  faculty  of  visualization  that  in  the  case  of  children 
and  yonng  people  the  power  is  usually  at  its  best,  but  that  as 
years  advance,  at  least  in  the  case  of  those  who  are  accus- 
tomed to  hard  abstract  thinking,  it  undoubtedly  betromes  im- 
paired, and,  to  a  great  extent,  replaced  by  ''verbal  images." 
Now  what  application  can  we  make  of  this  fact  to  the  case  in 
qnesCionT  In  the  first  place  we  find  that  Hobl)e8,  at  the  time 
he  wrote  his  philosophy,  was  an  old  man  of  sixty-four.  And 
we  also  find  that  in  him  visualization,  though  indeed  theon/y 
sensational  part  of  his  philosophy,  was  a  comparatively  small 
one.  It  was  only  asmall  portion  of  thought  that  he  succeeiled 
in  translating  into  his  visual  miud-stufi.  The  web  of  verbal 
images  had  become  so  firmly  woven  into  his  mind,  that, 
tliough  conscious  of  the  importance  of  the  task,  he  was  unable 
to  strip  it  off  from  any  of  the  higher  processes  of  reason  and 
general  knowledge.  He  was  himself  fully  aware  of  holding 
such  a  position  and  gave  it  good  expression  In  the  following 
passage : 

''A  man  that  hath  no  use  of  st)eech  at  all,  such  as  is  bom 
and  remains  perfectly  deaf  and  dumb,  if  he  set  before  his  eyes 
a  triangle,  and  by  it  two  right  angles,  such  as  are  the  comers 
of  a  square  figure,  he  may  by  meditation  compare  and  find 
that  the  thret;  angles  of  that  triangle  are  equal  to  those  two 
right  angles  that  stand  by  it.  But  if  another  triangle  be 
shown  him,  different  in  shape  from  the  former,  he  cannot 
know  without  a  new  labor  whether  the  three  angles  of  that 
also  be  equal  to  the  same.  But  he  that  hath  the  use  of  words^ 
when  he  observes,  that  such  equality  was  consequent,  not  to 
the  length  of  the  sides,  nor  to  any  other  particular  thing  in 
his  triangle,  bnt  only  to  this  that  the  sides  were  straight  and 
the  angles  three ;  and  that  that  was  all  for  which  he  named  it 


■Hume,  Tr«at  1.  4:6. 
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a  triangle,  will  boldly  conclude  nniversallj"  that  such  equality 
of  angles  is  in  all  triangles  whatsoever;  and  register  his  in- 
vention in  these  general  terms,  evety  (riangle  hath  its  three 
anghn,  equal  to  two  rif/ht  nngfeH.^^ 

Locke,  too,  was  somewhat  advanced  in  years  when  he  pre- 
sented his  philosophical  works — about  the  age  of  fifty-eight; 
and,  as  we  have  seen,  his  philosophy,  like  Hobbe«^  was 
under  the  necessity  of  leaving  a  great  part  of  the  verbal  web 
untranslated-  He  tried  hard  to  bring  everything  within  the 
doniaiu  of  vision,  but  he  couldn't — his  visual  power  being  too 
dim,  bis  verbal  too  strong. 

In  Berkeley  and  Hume  we  have  the  philosophy  of  youth. 
At  the  age  of  25  both  these  men  had  completed  their  chief 
philosophiral  works.  And,  here  again  we  have  an  illustra- 
tion of  Galton's  results.  Their  powers  ot  visualization  were 
much  higher  than  in  the  case  of  the  former  two  men — so  high, 
in  fact,  that  they  could  visualize  enough  to  make  them  believe 
that  anything  they  couldn't  visualize  did  not  exist. 

If  what  has  already  been  said  be  true  there  must  needs  be 
a  radical  change  made  in  the  usual  methods  of  critjcizing  the 
Hnmian  psychology.  In  suggesting  such  a  change  I  shall  try 
to  establish  the  following  points  :  (a)  The  method  of  this 
school  is  right  and  its  error  consists  in  its  incompleteness, 
(b)  A  wider  sensationalism  will   overcome  its  difficulties. 

(a)  For  our  pn^sent  purpose  no  better  statement  of  the 
relative  position  of  this  psychology  in  the  history  of  philoso- 
phy could  l>e  desired  than  that  given  by  Professor  James  in 
that  admirable  chapter  on  **The  Stream  of  Thought/' 

"If  to  hold  fast  and  to  observe  the  transitive  parts  of 
thought's  stream  be  so  hard,  then  the  great  blunder  to  which 
all  schools  are  liable  must  tie  the  failure  to  register  them,  and 
the  Hudue  emphasizing  of  the  more  substantive  partes  of  the 

stream Now  such  ignoring  as  this  has  historically 

worked  in  two  ways.  One  set  of  thinkers  have  been  led  by  it 
to  sensatiojialittm.  I'uable  to  lay  their  bauds  on  any  coarse 
feelings  corresponding  to  the  innumerable  rt^lations  and  forms 
of  connection  between  the  facts  of  the  world,  finding  no  nanwd 
subjective  modifications  mirrorinq  such  relations,  they  have 
for  the  most  part  denied  that  feelings  of  relation  exist,  and 
many  of  them,  like  Hume,  have  gone  so  far  as  to  deny  the 
reality  of  most  relations  out  of  the  mind  as  well  as  in  it. 
Substantive  psychoses,  sensation  and  their  copies  and  deriva- 
tives, juxtaposed  like  dominw^s  in  a  game,  but  really  separate, 
everything  else  verbal  illusion — such  is  the  upshot  of  this 
view.  The  JntelhcfualittfM,  on  the  other  band,  unable  to  give 
up  the  reality  of  relations  cx^/'ff  Tncn/ciH,  but  equally  unable 
to  point  to  ony  distinct  substantive  feelings  in  which  they 
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were  knovn,  have  made  the  same  admission  that  the  feelings 
do  not  exist.  But  they  have  drawn  an  opposite  eonclasion. 
The  relations  must  be  known,  they  say.  in  something  that  ie 
no  feeling,  no  mental  modilicat-iou,  coutinaous  and  consab* 
fitantial  with  the  subjective  tissue,  ont  of  which  sensatioas 
and  other  substantives  are  made.  They  are  known,  these  re- 
lations, by  something  that  lies  on  an  entirely  diflereut  plane, 
by  an  acfitJt  puma  of  thou^cht,  intellect  or  reason,  all  writtea 
with  capitals  and  considenMl  to  mean  something  unalterably/ 
superior  to  any  fact  of  sensibility  whatever." 

The  criticism  that  is  geuemlly  passed  on  the  Humian  psy- 
/chology  is  that  its  very  foundation  is  nnsound — that  its  very 
meth^,  that  of  sensationalism,  mnst  of  necessity  lead  to 
scepticism,  as  is  so  excellently  illustrated  in  the  ease  of  Home. 
It  begins,  it  is  maiufuined,  at  the  wrong  end  of  knowledge. 
In  order  to  explain  knowledge  we  must  not  conunence  with 
sensation,  but  with  thouj^ht,  pure  and  undefiled  by  natural 
processes.  Sensationalism,  from  its  essential  nature,  most 
have  ^'bi-eaks'' — it  cannot  supply  the  'transitive"  parts  of 
consciousness.  It  can  find  a  series  of  conscious  stales,  but 
0J»7.i/  a  series.  There  can  Ix'  no  continuity  running  through 
them — there  can  be  no  connecting  links  Ixitween  them.  In 
order  to  such  a  continuity  there  must  lie  an  *'-actvs  purus''^ 
of  thought.  Kow  whatever  be  the  faults  of  this  method  of 
psychology,  it  will  become  clear  enough  to  any  one  who  gives 
the  matter  fair  considei-ation.  that  sutJi  a  criticism  and  pro- 
I)Osal  of  amendment  can  make  it  no  letter.  Whatever  be  the 
value  of  pure  thought  in  the  wider  domain  of  philosophy,  for 
psychology  it  is  not  only  useless,  but  nouseusu.  However 
pure  and  abstracted  from  feeling  thought  may  appear  to  the 
disinterested  onlooker,  for  the  thinker  himself  it  can  never  be 
present  without  some  degree  of  warmth  and  feeling — it  mnst 
always  be  present  in  terms  of  that  same  subjective  mind-stuff 
of  which  our  most  familiar  sensations  and  feelings  are  made 
up.  So  that  if  the  Hnmian  psychology  fails  to  explain  knowl- 
edge and  leads  to  scepticism,  it  is  not,  at  least  from  the  psy- 
chological i>oiut  of  view,  because  it  commences  at  the  wrong 
end — not  be<muse  its  method  and  fundamental  groundwork 
carry  within  their  own  n:itniv  the  swptica!  germ.  Its  aim 
and  "method  is  that  ol  a  complete  sensationalism — that  is,  to 
make  all  parts  of  thought  consist  of  the  same  continuous  sub- 
jective thought-tissue  ;  and  this  is  the  true  method  of  psy- 
chology. The  tendency  to  scepticism  is  not  the  outcome  of 
this  method — at  least  it  has  not  yet  been  shown  to  be.  Un- 
doubtedly  the  rejoinder  to  this  will  be  to  point  to  Hume  as  a 
glaring  practical  illustration  of  scepticism  being  a  consistent 
and  the  only  consistent  development  of  the  sensationalist 
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method.  But  this,  I  maintain,  is  unfair.  The  scepticiBin  of 
Hume,  as  we  have  seen,  is  not  the  consistent  outcome  of  Jtcn- 
tafioualiMmf  but  of  visualization.  It  is  not  a  philosophy  re- 
sulting from  being  built  on  an  nnsound  foundation,  but  from 
being  built  on  one  side  only  of  a  many  sided  foundation,  and 
that  only  a  paiticnlar  and  limited  degree  of  that  side.  How 
a  wider  s<*n8ationali.sni  both  as  an  exteusion  to  the  other  senses 
and  a*!  a  modification  and  more  thorough  development  of  vis- 
ualization itself,  may  overcome  many  of  the  difficulties  of  / 
Hume,  will  \ye  suggested  in  our  nest  point.  ' 

The  psychological  school  which  we  have  been  considering 
is  not  only  the  out-come  of  visualization  but  of  a  particular 
degree  of  visualization.  Qalton  in  his  experiments  found 
that  the  degree  in  which  this  faculty  exists  in  men  is  almost 
as  varied  as  are  the  men  themselves.  Now  if  this  be  the  case 
the  philosophies  resulting  from  visualization  may  be  very  dif- 
ferent, and  the  faults  and  difficulties  of  one  n^ay  be  triumphed 
over  in  another,  so  that  in  this  n^speot  we  can  see  the  first 
possibility  of  a  broader  and  more  thorough  development  of 
sensationalism.  To  see  the  truth  of  this  we  need  only  resort 
to  an  illustration.  Take  for  example  the  diflerent  interpreta- 
tions of  the  concept  or  general  ideas  that  have  been  given  by 
visualizers : 

The  concept-theory  with  which  the  Humian  psychology  is 
identified  is  nominalism.  According  to  thi»  doctrine  there  is 
no  general  idea — the  generality  consists  only  in  the  name. 
The  idea  itself  is  some  distincf,  parficiilar  idea  that  has  some 
time  or  other  presented  itself  to  the  senses.  It  must  have, 
Berkeley  says,  "some  i>artieular  .tftaj>e  and  cofor,'^  and  the 
only  general  quality  which  can  be  attributed  to  it  is  that  it  is 
"made  to  represent  or  stand  for  all  other  particular  ideas  of 
the  same  soil.''  This  is  a  doctrine  which  results  from  one 
particular  degree  of  visualizing  power,  but  it  is  not  the  only 
one — there  may  be  others. 

In  speaking  of  the  visualizing  faculty  Galton  says :  '*In  the 
highest  minds  a  descriptive  word  is  sufficient  to  evoke  crowds 
of  8ha<lowy  a.s80ciation.s,  each  striving  to  manifest  itself. 
When  they  differ  so  much  from  one  another  as  to  be  unfitted 
for  coml)inatiou  into  a  single  idea,  there  will  be  a  confiict^ 
each  b**ing  preventetl  by  the  rest  from  obtaining  sole  posses- 
sion of  the  field  of  consciousness.  There  could  therefore  be 
no  definite  imagery  so  long  as  the  aggregate  of  all  the  pictures 
that'  the  word  suggested  of  object^i  presenting  simitar  aspoc'ts, 
reduced  to  the  same  size,  and  accunitely  suiwrpoeed,  resulted 

in  a  blur "  If  I  mistake  not,  this  resulting  "blur*'  is 

very  much  like  the  concept  descril>ed  by  certain  upholders  of 
conceptualism.     Indeed,  1  think  the  word  "blur''  among  the 
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memberfl  of  this  Bohool  Ia  quite  cttirfTitly  oonsiderod  a  happy 
term.  This,  theo,  may  Ik*,  considered  as  another  modification 
of  a  visnal  doctriDe  of  concepts.  Bat  this  is  not  all — there 
may  be  others  still. 

Huxley,  speaking  of  the  concept,  says : 

''This  mental  operation  may  1>e  rendered  comprehensible 
by  considering  what  takes  place  in  the  formation  of  componnd 
photographs — when  the  images  of  the  faces  of  six  sitters,  for 
example,  are  each  received  ou  the  same  photographic  plate, 
for  a  sixth  of  the  time  recinisite  to  take  one  |>ortrait.  The 
final  renult  is  that  all  those  points  in  which  the  six  fac^^s  agree 
are  brought  out  strongly,  while  all  those  in  which  they  differ 
are  left  vagne  ;  and  thus  what  may  \ye  termed  a  generic  por- 
trait of  the  six  in  contradistinction  to  n  specijic  portrait  of 
any  one  is  prtMiueed.'' 

Here  we  have  aoiother  phase  of  (x>uceptualism  broaght  to 
light  through  the  scientific  conception  that  generic  images  can 
be  imprintni  on  the  sight  after  the  fashion  of  photography. 
In  this  case  the  generic  character  does  not  consist  in  the 
name,  it  is  in  the  idea.  Neither  is  the  idea  a  "blur,'*  it  is 
clear  and  distinct.  To  what  extent  this  degree  of  visualiza- 
tion exists  in  tlie  world  I  cannot  say,  but  there  can  be  no 
donbt  as  to  its  possibility. 

Besides  this  possibility  of  a  broader  psychology  by  means 
of  variations  in  this  one  sense,  there  is  a  failher  possibility 
of  the  same,  and  on  a  more  extensive  scale,  in  the  more  har- 
monious development  and  co-operation  of  the  other  senses. 
Kot  only  with  such  men  as  Hume,  but  with  almost  all  men, 
there  is  a  pronenesa  to  identify  the  whole  sphere  of  conscious- 
ness with  visualization.  Our  very  language  is  a  good  index 
to  this  fact.  "When  we  wish  to  convey  the  idea  that  we  un- 
derstand, we  invariably  say  that  we  ''^ee ,"  Again  it  is  quite 
common  and  considered  proper  enough  to  speak  of  "degrees'* 
of  consciousness,  some  states  being  considered  as  qoite 
"clear,"  others  ''fairly  clear,"  and  others  "dim."  If  we 
have  a  "clear"  idea  of  a  thing  we  say  that  our  eonscionsnesa 
of  that  thing  is  fully  realized  ;  if  we  have  only  a  dim  idea  of 
it  we  say  it  is  only  partially  realized,  but  that  it  is  neverthe- 
less all  there  in  a  potential  state.  Now,  as  is  very  clearly  set 
forth  by  Professor  James,  an  idea  of  an  obscure  or  dim  object 
ie  just  as  much  consciousness  as  that  of  a  clear  one — the  coji- 
sciousneuft,  if  we  are  going  to  use  the  term  at  all,  is  just  aa 
"clear"  in  the  one  case  as  in  the  other.  The  truth  is  that  the 
words  "clear"  and  "obscure"  are  not  properly  applicable  to 
consciousness  as  such.  Again  by  a  great  many  people  the 
greater  part  of  mental  life — the  passions,  the  sensations  con- 
nected with  the  more  unfamiliar  senses,  the  motor  sensations, 
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the  viHceral  RenRatione,  and  perhaps  many  sensations  con- 
necUHl  with  hearing,  are  not  recognize*!  as  consciousness  at 
all,  all  of  which  arc  in  reality  as  truly  conscious  activities  as 
the  clear  and  distinct  phenomena  of  vision.  In  this  we  can 
see  the  foundation  of  that  strangely  contradictory  doctrine  of 
**unroji;tcious  mental  .Htatea.^^  Many  of  onr  facts  of  conscious- 
neas  come  to  ns^  as  it  were,  already  made  up.  We  are  left 
only  the  pleasure  of  analyzing  them  ;  all  the  nice  rational  syn- 
thetic work  seems  to  have  been  performed  by  some  other  con- 
scionsness,  or  perhaps  to  a  more  physiological  cast  of  mind  it 
may  seem  to  have  been  done  by  the  nei-vous  system.  Such 
activities  are  fcjiotni  to  be  mental — they  could  not  be  other- 
wise, but  still  we  know  that  "?/'e'*  have  not  been  conscious  of 
them,  and  hence  they  have  been  called  by  such  namea  as 
'^latent  reason''  and  "unconscious  mental  states."  This  con- 
dition of  mankind  seems  very  much  like  a  normal  hypnotic 
state  in  which  all  senses  excepting  sight  are  anaesthetic ;  in 
which  they  perform  their  work,  not  on  purely  mechanical 
principles,  but  in  secoudary  per^onaliiivs  which  do  not  partici- 
pate in  the  primary  visual  consciousness.  A  good  illustra- 
tion of  this  is  seen  in  some  of  31.  Bluet's  Salpctri^re subjects: 

"Things  placed  in  the  hand  were  not  felt,  but  thoufjht  of 
(apparently  in  visual  terms),  and  in  nowise  referred  by  the 
subject  to  their  starting  point  in  the  hand's  sensation.  A  key, 
a  knife,  placed  in  the  hand  occasioned  ideas  of  a  key  or  a 
knife,  but  the  hand  felt  nothing.  Similarly  the  subject  thought 
of  the  numbers,  6,  etc.,  if  the  finger  was  bent  tliree  or  six 
times  by  the  operator,  or  if  he  stroked  it  three,  six,  etc., 
times. 

"In  certain  individuals  there  was  found  a  still  odder  phe- 
nomenon, which  reminds  one  of  that  curious  idiosyncrasy  of 
•colored  hearing,  of  whieh  a  few  cases  have  IwK'n  lately  de- 
scribed with  great  care  by  foreign  writers.  These  individuals, 
namely,  saw  the  impression  received  by  Jhc  hand,  but  could 
not  feel  it;  and  the  thing  seen  appeared  bj^  no  means  associ- 
ated with  the  hand,  but  more  like  an  independent  vision, 
which  usually  interested  and  surprised  the  patient.  Her  hand 
being  hidden  by  a  screen,  she  was  ordereti  to  look  at  another 
screen  and  to  tell  of  any  visual  image  which  might  project  it- 
self thei'con.  Kumt)ers  would  then  come,  correspoading  to 
the  number  of  times  tlie  insensible  member  was  raised, 
touchetl,  etc.  Colored  lines  and  figures  would  come,  corres- 
ponding to  similar  ones  traced  on  the  palm ;  the  hand  itself  or 
its  fingers  would  come  when  manipulated,  and  finally  objects 
would  come,  but  on  the  band  itself  nothing  would  ever  be 
felt.'^» 

It  seems,  just  as  in  the  cases  quoted,  that,  the  larger  i>or' 


tions  of  our  conscious  life  which  we  are  liable  to  reoo^ize  m 
conscious  are  those  which  manage  to  translate  themselvee 
into  visual  terms ;  on  which  account  the  largest  pan  of  the 
content  of  conscionsness  is  lost  to  view  ;  all  its  finer  connec- 
tions and  beautiful  continuity  remain,  concealed  in  the  anaes- 
thetic senses,  outside  the  primary  conaciousnesa,  in  regard 
to  which  they  are  blindly  evolved  and  worked  out  by  minor 
personalities. 

That  this  is  an  injustice  to  consciousness,  no  proof  is  nec- 
essary. The  remedy  also  is  plain.  It  is  obvious  enough 
that  what  is  needed  for  a  more  complete  view  of  conscious- 
ness is  a  more  equal  emphasizing  and  more  harmonious 
development  of  the  senses.  In  support  of  the  value  of  this 
suggestion  I  am  not  able  to  go  ver>'  far.  I  shall  only  give  an 
illustration  which  I  hope  will  show  the  possibility  of  the 
method  ;  and  for  this  let  as  take  the  case  of  Hnme,  the  arch- 
visualizer  of  our  theme. 

lu  the  ease  of  the  pajisions  Hume  ha.s  a  philosophy  very 
different  in  many  respects  from  that  which  he  proposed  for 
the  intellect.  Here  he  is  not  confronted  with  the  difficulties 
with  which  he  was  surrounded  in  his  theory  of  ideas — he 
meets  with  no  isolated  substantives  which  he  cannot  connect^ 
bnt  finds  a  beautiful  continuity  of  consciousness  ;  and  though 
owing  to  his  natural  prejudice  he  is  unable  to  recognize  it  as 
a  process  of  consciousness,  yet  it  must  be  considered  of  great 
VEdue  as  an  illustration  of  a  more  adetiuate  view  of  thought 
being  derived  from  other  senses  than  that  of  sight.  The 
sense  he  makes  use  of  in  the  illustration  which  I  refer  to  is 
that  of  hearing. 

•*  Xow  if  we  regard  the  human  mind,  we  shall  find,  that 
with  regarfl  to  the  passions,  Uis  not  of  the  nature  of  a  wind 
instrument  of  music,  which  in  running  over  all  the  notes 
immediately  loses  the  sound  after  the  breath  ceases ;  but 
rather  resembles  a  string-instrument  where  after  each  stroke 
the  vibrations  still  retain  some  sound,  which  gradually  and 

insensibly  decays each  stroke  will  not  produce 

a  clear  and  distinct  note  of  passion,  but  the  one  piission  will 
always  be  mixed  and  confounded  with  the  other.  According 
as  the  probability  inclines  to  good  or  evil,  the  passion  of  joy 
or  sorrow   predominates  in   the  composition  :  because  the 

nature  of  probability  is  to  cast a  superior  number 

of  returns  of  one  passion  or  since  the  dispersed  passions  are 
collected  into  one,  n  superior  degree  of  that  passion.  That  is, 
in  other  words,  the  grief  and  joy  being  intermingled  with 
each-other,  by  means  of  the  contrary  views  of  the  imagination, 
produce  by  their  union  the  passions  of  hope  and  fear."* 

To  show  how  admirably  this  figure  will  allow  of  the  proper 
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nnity  and  diyersity  of  these  passions  I  shall  quote  still  fur- 
ther. 

**  The  passions  of  fear  and  hope  may  arise  when  the  chances 
are  equal  on  both  sides,  and  no  superiority  can  be  discovered 
in  the  one  above  the  other.  Nay,  in  this  situation  the  pas- 
sions are  rather  the  strongest,  as  the  mind  has  then  the  least 
foundation  to  r«st  on  and  is  tost  with  the  greatest  uncertainty. 
Throw  in  a  superior  degree  of  probability  to  the  side  of 
grief,  you  immediately  see  that  passion  diffuse  itself  over  the 
composition,  and  tincture  it  with  fear.  Increase  the  probabili- 
ty, and  by  that  means  the  grief,  the  fear  prevails  still  moi*e  and 
more,  till  at  last  it  runs  insensibly,  as  the  joy  continually 
diminishes,  into  pure  grief.  After  you  have  brought  it  to 
this  situation  diminish  the  grief  after  the  same  manner  that 
you  increased  it;  by  diminishing  the  probability  on  that 
side  and  you'll  see  the  passion  clear  every  moment,  till  it 
changes  Insensibly  into  hope ;  which  again  runs,  after  the 
same  manner,  by  slow  degrees,  into  joy,  as  yon  increase  that 
part  of  the  composition  by  the  increase  of  the  probability. 
Are  not  these  as  plain  proofs,  that  the  passions  of  fear  and 
hope  are  mixtures  of  grief  and  joy,  as  in  optics  'tis  a  proof 
that  a  colored  ray  of  the  sun  passing  through  a  prism  is  a 
composition  of  two  others,  when  as  yon  diminish  or  increase 
the  tjuantity  of  either,  you  find  it  prevail  proportionably 
more  or  less  in  the  composition  T  "  ' 

As  to  the  value  of  the  illustration  t  shall  leave  it  to  the 
reader  to  decide.  Yet  I  cannot  refrain  ti*om  remarking  that 
in  this  there  seems  to  he  pictured  a  continuity  of  thought 
which  cannot  l>e  conceived  of  through  vision. 

"  In  our  prpscnt  enthnsiastic  devotion  to  the  eye  it  is  not 
alone  the  symmetry  of  the  mind  that  is  threatened  nor  the 
voice  arts  alone  that  will  suffer.  It  may  be  that  we  are 
neglectiug  that  which  is  in  itself  one  of  the  richest  sonroes 
of  good.  It  ha«  not  yet  heen  shown  that  the  world  of  form  is 
more  worthy  of  our  cultivation  than  the  world  of  sound. 
*  There  is  something  as  yet  unanalysed  about  sound '  says  Mr. 
Haweis  *  which  donbles  and  intensifies  at  all  points  the 
sense  of  living :  when  we  hear  we  are  somehow  more  alive 
than  when  we  see.  Apai-t  from  sound,  the  outward  world 
has  a  dream-like  and  unreal  loek — we  only  half  Ifclieve  in  it ; 
we  miss  at  each  moment  what  it  contains.  It  presents,  indeed, 
innumerable  pictures  of  sliU  life  ;  but  these  refuse  to  yield  up 
half  their  secret^."^ 

The  starting-point  of  this  paper  was  a  suggestion  by  Dr. 
£.  C.  Sanford  that  I  should  investigate  the  figures  of  speech 
need  in  psychology.  I  am  glad  to  express  my  indebtedness 
to  Dr.  Sanford  t>oth  for  this  and  for  valuable  direction  in  my 
investigations. 

*HameTx«ftt.  II.  9. 
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/. —  On  the  thicknesg  and  structure  of  (he  cerebral  cortex. 
Plates  HI  and  IV. 

lu  a  previous  pap«r  (Am.  Jourjt.  of  Psychology,  ToL 
in,  No.  3,  Sept.,  1890.)  I  have  descril>ed  some  of  the  macro- 
scopic features  of  the  brain  in  question.  I  there  stated  the 
results  of  the  measurements  of  the  extent  of  the  cortex  (loc. 
cit.  p.  336)  as  follows : 


Extent  of  cortex,  right  hemUphere 
Extent  of  cortex,  left  heniiitpliere 


98944.5  a  mm. 
101356.0  a  mm. 


Total  extent  of  cortex  =  S00202.5  n  mm. 

It  has  been  recognized  by  all  those  who  have  studied  the 
extent  of  the  the  cortex,  that  unless  supplemented  by  ob- 
servations on  the  thickness  and  character  of  the  same,  the 
figtires  for  extent  did  not  give  a  goo<i  ground  for  further  infer- 
ence.  Jen8en(*')  is,  however,  the  only  investigator  who  has 
up  to  this  time  made  his  studies  thus  complete. 

It  is,  therefore,  my  purpose  to  report  the  i-esults  of  the  ex- 
amination of  the  cortex  of  Laura  Bridgman  together  with  such 
conclusions  as  may  be  drawn  from  the  results. 

/. — The  thickneas  of  the  cerebral  cortex  in  general. 

By  way  of  preface  I  made  a  little  excursion  into  the 
literature  of  the  coi'tei  to  determine  what  was  considere*!  to 
be  the  normal  thickness  of  that  layer.  It  is  highly  probable 
that  some  of  the  work  on  this  subject  has  escaped  my  notioe, 
but  what  was  found  is  tabulated  (Table  I.)  with  the  purpose 
Of  showing  how  fully  the  various  authors  have  stated  the 
mauner  in  which  they  obtained  their  results  aud  what  correc- 
fioDs  hatl  to  l>e  ma<le,  in  certain  cases,  in  order  to  have  the 
ii'sults  fairly  compai-able. 
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The  anthorities  are  ari*anged  in  chronological  order,  and  in 
two  groups  :  the  first  group  containing  the  figures  which  ap- 
ply to  the  cortex  of  normal  persons,  and  the  second  the  fig- 
ures that  apply  to  defectives.  In  this  latter  group  I  have 
only  the  meafiuremcntK  that  apply  to  individuals  with  an  ac- 
quired defect,  as  contiusted  with  those  congonitaUy  defective. 
The  literature  bearing  on  the  cort-ex  in  these  last  has  been 
brought  together  by  Marchand("),  and,  though  the  facts  are 
very  interestiug,  they  do  not  bear  on  oar  present  problem  and 
are  therefore  excluded. 

The  hemlings  of  the  columns  in  Table  I.  will  explain  them- 
eelves,  I  tmst^  and  the  Table  may  be  examined  now  without 
further  explanation. 

Omitting  my  own  results^  there  are  but  six  authors  whose 
figures  are  of  interest  to  us  now.  The  manner  in  which  the 
final  figures  in  these  cases  have  been  obtained  requires  some 
explanation. 

We  desire  to  know  the  thickness  of  the  cortex  in  its 
natural  state,  but  the  hardening  reagents  used  for  preserving 
the  brain  alter  the  thickness.  In  another  place,  I  expect  to 
make  some  general  statements  with  regard  to  the  weight  and 
volume  of  nervous  tissues  as  influenced  by  hardening  rea- 
gents. Therefore  I  may  state  here  only  the  results  obtained, 
viz.,  that  alcohol  of  80%  causes  a  decrease  of  2%  in  the 
thickness  of  the  cortex,  while  the  bichromate  and  alcohol 
treatment  (potassium  bichromate  24^  plus  ^  its  volume  of 
95%  alcohol  for  6  to  8  weeks  ;  washing  in  water  for  24  hours ; 
alcohol  95^  for  2  days,  and  finaj  i»rescrvation  in  80% 
alcohol)  causes  an  increase  of  2%.  As  will  be  seen  those 
corrections  have  been  applied  in  Table  I.  Further,  the  man- 
ner of  making  the  measurements  has  a  very  decided  infinence 
on  the  results.  Direct  experiment  showed  that  the  same 
localities  measured  with  the  compasses  gave  a  thickness  4% 
less  than  when  measured  with  a  micrometer  eye-piece  under 
the  microscope.  There  is  no  doubt  in  my  mind  that  the 
microscopic  method  is  the  more  accurate,  hence  I  have  cor- 
rected all  the  measurements  made  with  compasses  by  the 
percentage  above  found. 

There  still  remains  the  important  question  of  the  handling 
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of  tfae  flgnrefi  for  thickness  after  they  are  obtained.  In  gen- 
eral, the  snmmit  of  a  gyrus  has  the  thickest  cortex  and  the 
very  bottom  of  the  eulcns,  the  thinnest.  In  getting  the  thick- 
ness for  any  locality  on  the  hemispheres  at  least  two  measure- 
ments, a  maximum  and  minimum,  are  taken.  Most  investi- 
gators have  measured  the  gyri  at  the  points  where 
the  very  thickest  and  very  thinnest  cortex  was  to  be 
found,  and  for  an  avei-age  taken  half  the  sum  of  these 
fignres.  The  thinning  of  the  cortex  at  the  bottom  of 
the  sulci  is,  so  to  speak,  sudden  and  excessive  and  the 
thinnest  point  deviates  more  from  the  intermediate  cortex  than 
does  the  thickest.  Such  being  the  case  the  resultant  figure  is 
somewhat  too  small.  Conti(''),  Franceschi(**)  and  CioniniC*) 
give  full  tables  and  they  have  measured  in  the  manner  above 
deaeribed  so  that  their  averages  represent  one-half  of  the  sum 
of  the  thickest  and  thinnest  poinbs  in  each  gyms.  In  the 
brains  which  I  have  examined  the  thickest  portion  was  meas- 
ured at  the  summit  of  the  gyrus.  The  observations  for  the 
thinnest  was  taken  at  the  side,  about  two-thirds  of  the  dis- 
tance from  summit  to  sulcus.  In  making  the  average  advan- 
tage was  taken  of  the  observation  tliat  one-third  of  the  cortex 
lies  at  the  summits  of  gyri  and  two-thirds  is  sunken  in  the 
sulci.  The  smaller  figure  was  multiplied  by  2,  addeil  to  the 
larger  figure  and  the  sum  divided  by  3.  As  a  consequence 
of  this  treatment  I  believe  that  my  final  average  for  the  cor- 
tex of  any  particular  gyrus  is  nearer  the  truth  than  it  would 
be  if  half  tlie  sum  of  the  thickest  and  thinnest  points  had 
alone  been  taken. 

The  figures  which  will  be  most  useful  to  us  can  now  be 
taken  from  Table  I  and  presented  in  Table  II.  with  tbe  pur- 
pose of  showing  whether  there  is  any  difference  in  cortical 
thickness  between  males  and  females,  or  between  the  two 
hemispheu's  of  the  same  brain  ;  whether  defectives  corres- 
pond with  normal  persons ;  and  what  may  be  regarded  as  the 
normal  thickness  of  the  cortex. 

Since  the  figures  given  in  the  Table  IT  do  not  occur  in  their 
present  form  in  the  original  tables  of  the  authorities  there 
quoted,  I  should  perhaps  add  a  word  of  explanation  on  the 
method  by  which  they  have  been  obtained. 


252 


DONALDSON  : 


Jen8€n(*)  gives  a  condensed  statenw^nt  for  the  normal 
brains,  and  in  Table  II  his  figures  are  simply  correctied  for 
the  effect  of  alcohol  and  the  use  of  compasses  in  measuring. 
His  tables  for  tiie  defe<'tivea  are  fuller  and  permit  us  to  deter- 
mine the  averages  for  the  two  hemispheres.  These  are  cor- 
rected in  the  manner  above  mentioned.  In  no  case  did  he 
measure  the  cortex  of  the  insula.  Among  the  defectives  one 
case  which  he  gives  is  not  entered  in  the  table  becaase  it  is 
that  of  a  microcephalic. 

Bncknill  and  Tuke(")  ^ve,  without  detail,  the  thickness  ol) 
the  normul  cortex  as  .0$  in.  In  a  table  of  63  pathological 
cases  entered  with  great  care  and  fullness,  one  column  is 
devoted  to  the  thickness  of  the  cortex  —  also  given  without 
detail  —  in  hundredths  of  an  inch.  This  unit,  approximately' 
equal  to  .25  nun.,  is  rather  large  when  employed  in  so  deli* 
cate  a  measurement.  No  statement  as  to  the  number,  locality 
or  method  of  their  measurements  is  made.  The  cases  were 
all  adults. 

Conti(")  gives  full  tables.  He  claims  twenty  brains  in  his 
series.  The  measurements  on  two  brains  —  females  —  are, 
however,  so  incompletye  that  they  are  not  used  here,  hence  he 
is  credited  with  but  eighteen  brains  in  the  table.  Both  hemi- 
spheres were  not  always  examined.  The  total  number  of 
hemispheres  represented  in  the  table  is  only  twenty-nine,  16 
right  and  13  left.  His  cases,  principally  adults,  range  in  age 
from  sixteen  months  to  eighty  years,  but  there  is  no  evidenoe 
that  the  youngest  cases  should  l>e  excluded.  Twenty-six  lo- 
calities iu  each  hemisphere  were  measured  but  the  cortex  for 
the  insula,  if  measured,  is  not  specially  r©conle<l.  In  the  pre- 
rolaudic  and  post-rolandic  regions  only  the  summits  of  the 
gyri  and  the  depths  of  the  sulci  were  mea8ui*ed.  In  the  ro- 
landic  region  intermediate  measurements  on  each  wall  of  the 
gj'ri  were  taken.  The  averages  were  obtained  by  summing 
and  dividing  the  figures  as  they  stand  in  his  tables  and  then 
correcting  the  final  results  for  the  use  of  compasses.  The 
original  measurements  were  made  in  tenths  of  a  millimeter. 

Frauoeschi(")  gives  full  and  verj"  complete  tables.  He  ex- 
amined the  cortex  at  35  localities  on  both  hemispheres  of 
twenty  brains,  principally  from  adults  of  advanced  age,  10 


males  and  10  females.  The  measnrementfl  taken  in  tenths  of 
a  millimeter,  and  vere  made  at  the  summits  of  the  gyri  and 
the  depths  of  sulci.  The  oortex  of  the  insula  was  included. 
Tlie  fi^ires  in  Table  II.  are  obtained  directly  from  those  of  his 
tables,  save  that  they  have  been  corrected  for  use  of  compasses. 

Major(**)  tested  the  thickness  of  the  cortex  at  thirty  locali- 
ties on  both  hemispheres  of  the  brains  of  four  adnlt  insane 
patients,  the  sex  not  given.  For  each  locality  he  gives  only 
the  mean  depth  using  one-fifth  of  an  inch  as  his  unit  of 
measure.  This  unit  is,  of  course,  too  large.  He  measured  the 
insular  cortex.  His  figures  for  the  cortical  thickness  give  the 
mean  depth  without  detail  as  to  the  method  of  obtaining  the 
mean.  The  instrument  used,  the  tephrylometer,  consisted  of 
a  thin  walle<i  graduated  glass  tube.  This  was  pressed  into 
the  brain  substance  at  any  desired  point,  then,  the  upper  end 
being  closed  by  the  finger,  withdrawn,  when  a  plug  of  brain 
substance  remained  within  the  tube  and  on  this  plug  the 
thickness  of  the  cortex  is  read  o3  by  the  aid  of  the  scale 
etched  in  the  tube.  The  figures  in  Table.  IT  are  the  simple 
averages  of  those  in  his  tables  without  any  corrections.  Con- 
cerning the  accuracy  of  this  method  of  measuring  the  cortex 
there  are  no  observations. 

Cionini(")  presents  his  results  from  the  examination  of  fif- 
teen adnlt  brains,  ten  males,  five  females,  all  cases  of  general 
paralysis.  The  number  of  localities  was  3t,  but  in  other  re- 
spects the  details  are  similar  to  those  in  the  case  of  Conti.  It 
occurs,  however,  that  in  five  cases,  three  males  and  two  fe- 
males, the  tables  are  so  Incomplete  that  they  cannot  be  used 
lor  averages,  and  hence  only  ten  cases  ai*e  represented.  The 
figures  in  Table  II.  are  obtained  as  in  the  case  of  Conti. 

A  glance  at  Table  11.  shows  that  in  both  normals  and  defec- 
tivefl  the  average  thickness  is  very  slightly,  — .01  to  — .04mm. , 
greater  in  the  males  in  five  out  of  the  six  cases  (larger  numlter 
underlined).  There  is  a  slightly  greater  diflerence  between 
the  two  hemispheres,  which  is  in  favor  of  the  left  hemis- 
phere as  the  fignres  stand  (eight  out  of  thirteen  cases).  In 
discussing  the  absolute  thickness  of  the  cortex  as  reported  we 
have,  of  course,  to  throw  oat  the  defectives,  who  are,  ipso 
facto,  expected  to  have  a  thinner  cortex. 
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At  the  momeut  I  have  ao  explanation  to  offer  of  the  various 
figures  given  for  the  absolute  thickness  in  normal  persons  and 
will  simply  point  out  that  ray  figuren  agree  most  closely  with 
those  of  Jensen. 

It  appears^  therefore,  that  the  average  thickness  for  the 
two  sexes  is  nearly  alike,  what  difierence  there  is  being  in 
favor  of  the  males;  that  the  left  hemisphere  moi-e  often  has 
the  thicker  cortex ;  that  in  defectives  (not  congenital)  it  is 
thinner  than  in  normal  persons,  and  that  the  figures  given 
for  the  absolute  thickness  in  normal  persons  are  at  present 
irreconcilable.  With  this  T  conclude  the  introductory  study 
of  the  subject. 

II.  Comparison  of  (he  cortex  of  Laura  Bridgman  vnih 
thai  of  nine  normal  brains  {six  males;  three  females). 

The  normal  brains  were  obtained  in  New  York  about  a 
year  ago,  and  I  am  indebted  to  the  courtesy  of  several  medi- 
cal gentlemen  of  the  city  for  them.  Thoi'e  is  no  reason  to 
think  that  any  of  these  specimens  were  from  persons  of  more 
than  average  intelligence,  hence  on  that  scoi-e  they  are  com- 
parable with  the  Bridgman  brain.  They  were  hardened  in 
the  same  manner  that  the  latter  was  {vide  p.  9),  Samples 
of  cortex  were  takeu  in  all  cases  from  14  localities  on  each 
hemisphere,  each  locality  being  designated  by  an  arbitrary 
number. 

Plate  III  shows  the  localities  with  the  numbers  used,  and 
is  intended  to  take  the  place  of  a  written  description. 

In  Table  III.  I  give  the  cortical  areas  in  which  the  localities 
are  situated. 

All  the  samples  from  the  several  localities  were  treated  in 
the  same  manner,  viz.:  iml>edded  in  celloidin,  cut  in  sections 
about  0.1  mm.  thick  and  measured,  un.stained,  under  a  low 
magnifying  power.    It  is  hardly  necessary  to  add  that  all  the 

Table  III. 


LoeftU;>'.       OorUoal  Are*  for. 

Lotwlitji 

CorHcKl  An*  for. 

1.    Speech  motor  ? 

S. 

Si|(ht«  senaory. 

3.    Speech,  motor. 

9. 

—  f 

3.    Speech? 

10. 

Taate  aud  sai«U,  eensory* 

4.    Head  and  eyes,  motor. 

n. 

Sight,  seusorj. 

6.    Arm,  motor. 

12. 

Touch,  seusorjr. 

6.    Hearing.  setiAorr. 

18. 

Leg,  motor. 

7.               -  ? 

14. 

Sight,  seosory. 
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measnremcnts  were  oonclnded  before  any  calculations  were 
begun  and  that  precaution  was  taken  to  keep  the  resalte 
unprejudiced. 

Figures  (or  the  average  thickness  at  each  locality  having 
been  obtained  from  all  the  brains  in  the  manner  above 
described,  the  localities  were  arrani^d  in  oitJer,  from  the 
thickest  to  the  thiuncHt,^aiid  the  tables  thus  formed  were 
plotted  as  curves.     Vide  Plat«  IV. 

The  principal  results  are  tabulated  in  Table  TT  (under 
Donaldson,  normals),  aud  in  Table  IV  a  further  analysis  is 
g;iveD.  The  figures  for  males  and  females  being  separated  in 
Table  IV,  those  for  the  right  and  left  hemispheres  are  given 
in  each  group  and  the  individuals  in  each  group  are  ranged 
according  to  age.  This  last  arrangement  was  made  to  see 
whether  they  showetl  a  decrease  in  cortical  thickness  with 
advancing  age.  Conti(")  reports  that  the  cortex  decreases 
regnlarly  from  a  maximum  at  3  years  to  a  minimum  in  ex- 
treme age.  I  do  not  pretend  to  discuss  the  question  here  but 
simply  refer  to  the  table  to  show  that  these  brains  when  thus 
arranged  do  not  exhibit  a  decrease. 

Table  IV. 
Thickness  of  Cortex  in  Controls  and  in  Laura  Bridgman. 

Males.  Fevales. 

Arraaged  sccordlog  to  a^^.  AmDged  according  to  ag«. 


Aft. 

Wclglit  la 

ml. 

R.B. 

L.U. 

A0. 

S.H. 

L.a 

86 

1419 

•2.81 

a.Bi 

40 

1196 

2.74 

3.74 

36 

1443 

2.87 

3.oe 

46 

1173 

2.80 

3:00 

99 

1893 

2.77 

2.86 

Mill 

1312 

3.22 

SJOi 

46 

1367 

2.90 

2.93 

67 

1464 

2.96 

2.91 

AM 

1310 

3.14 

3.07 

2.91 

3.94 

* 

S.8& 

xn 

Genenl  Average,  2.92. 

General  Average,  2.90, 

l^ura  Bridgman, 

60 

1204 

2.66 

3.63 

General  Average,  2.69 

'  The  anderllnhig  has  the  eune  sigaiflcance  as  io  Table  II. 


ON  THE  BRAIN  OF  IJLUBA  BBIDOMAN. 

The  cortex  of  the  left  hemisphere  is  in  five  cases  the  thicker, 
'While  that  of  the  right  in  so  in  four.  The  maximum  difier- 
ence  between  the  two  hemispheres  of  the  same  individnal  is 
.22  mm.  (2.87  to  3.09).  The  averages  for  the  males  and  fe- 
maleii  are  nearly  alike,  the  males  being  a  trifle,  .02  mm.^ 
thicker. 

If  the  results  for  each  locality  are  averaged  for  all  the  con- 
trols, these  averages  arrangwl  in  a  series  from  the  largest  to 
the  smallest  and  this  series  plotted  as  a  curve,  then  the  curve 
has  the  form  indicated  by  the  continuous  black  ink  line  on 
Plate  IV.  In  that  curve  the  insula,a8  pointed  out  by  Major(«*), 
has  the  thickest  cortex.  Next  follows  the  convex  surface 
of  the  hemispheres  with  little  variation,  and  then  the  thick- 
ness gradually  decreases  in  the  mesal,  occipital  and  orbital 
cortex,  in  the  order  named.  Table  V  gives  the  figures  from 
which  this  curve  is  formed  as  well  as  the  figures  for  the  two 
component  corves,  viz.:  that-  for  the  males  and  that  for  the 
females. 

Table  V. 


Avenge*  for  each  locality. 

All  control8 

.1. 

m. 

Averages  for  each  lou&lUy. 

Controls,  Male,  11. 

1 

Averai 

zea  for  each  locullty. 

Coatrols,  Female,  UI. 

r 

Unit  of  measure,  1  mm. 

LoaURT. 

'Jl^^^            ^ 

muolMtyiUle.                 CmnroU,  (^PraMt 

8     . 

■   •  * 

.       3.38     .... 

.     3.48      .   .   . 

■   •   • 

3.33 

7      . 

3.16 

.      3.02      . 

3.43 

6     . 

3.10 

.      3.05      . 

8.18 

4     . 

3.00 

.      3.12      . 

3.04 

S     . 

.     3.oe 

.      3.0«      . 

3.13 

6 

.      3.06 

.      3.10      . 

3.04 

10      . 

8.04 

.     S.03     . 

3.06 

1      . 

.       3.B8 

.     3.03     - 

3.06 

ia    . 

.       it.80 

.      3.82      . 

3.04 

ia    . 

2.75 

.      2.83      . 

3.00 

11 

2.Q!> 

.      3.66      . 

2.60 

8      . 

.     2.ei 

.     3.«7     . 

3.60 

»      . 

.       2.A3 

.      3.S0      . 

3.41 

14     . 

.     a.62 

.      2.69      . 

3.38 

Average.  2.II2  3.31 

By  these  figures  I  aim  to  show  the  normal  thickness  of  the 
cortex  at  the  given  localities. 

The  figures  which  form  the  basis  (or  the  corve  of  the 
Bridgman  brain  are  given  in  Table  VI.  The  average  thick- 
ness of  this  cortex  (see  Table  IV)  is  2.59  mm.,  which  is  0.32 
mm.  below  the  average  for  all  the  females  and  0.15  mm.  below 
that  for  the  female  in  whom  the  cortex  was  thinnest. 
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Table  VI. 

I.    AT«rajt«a  of  the  MYernl  loeilltlci.    L.  B.,  right  hemUphen. 
II.    Arengf  of  the  Mveral  Kk-hIIlIm.    L,  B..  lefc  hcmUpbere. 
UI.    AverKgci  of  the  Arveral  localities.    L.  B..  both  bemispberai. 

Lacka  BmiKiXAir. 
LMiUti.  t.  s.  H.  II.  L  n.  in.   ■■■■■ 


Aver.  S.S5  Aver.  iM  Aver.  S.58 

The  curves  for  the  nridginan  figures  are  plotted  on  Plate 
lY.  That  for  the  left  hemisphere  is  indicated  by  a  broken 
line  (dashes),  and  that  for  the  ri^ht  hemisphere  by  the  line  of 
long  and  short  dashes.  Attending  for  the  moment  to  these 
ve  observe  a  remarkable  drop  at  6 ;  from  4  to  12  both 
rurves  are  generally  low  with  a  special  depression  at  10,  and 
from  12  to  the  end  they  run  at  different  levels. 

It  will  be  seen  at  a  glance  that  these  two  carves  are  fairly 
■oooi-dant  until  locality  11  is  readied.  Here  they  are  vridely 
divergent,   approiM'h   somewhat  at  8,  again  to  diverge  at  14. 

Taking  up  the  pecnliarities  of  the  Bridgman  cortex  then  in 
the  order  in  which  they  occur  we  find  the  insula  (3)  thinner 
on  the  left  side.  Both  sides  very  thin  at  6,  the  auditory  area, 
liocallty  2,  the  area  for  motor  ajieecii,  is  well  developed  on 
lK>th  sides.  From  4  to  13  the  development  is  poor,  specially 
no  at  10,  area  for  taste  and  smell.  At  12,  the  area  for  dermal 
nensatlons,  the  curve  i>  ^igh  again,  and  from  that  point  on 
commeuoes  the  remarkable  divergence  in  the  curves  of  the 
two  hemispheres,  that  for  the  left  side  being  mudi  higher  at 
11,  8  and  14,  all  of  which  are  within  the  visual  area. 

Referring  now  tx>  the  tiescriptiou  which  I  have  previously 
given  (op.  cit.)  of  the  macroscopic  features  of  this  brain,  I 
may  briefly  attempt  to  collate  them  with  the  measurements  of 
the  cortex. 


The  insula  (3)  on  the  left  side  was  found  less  well  devel- 
oped.    It  has  the  thinner  cortex.     Vide  Wald8chmidt("). 

At  the  auditory  area  (6)  I  could  not  decide  on  any  macroscop- 
ic defect,  but  have  since  determmined  that  the  first  temporal 
gyrus  at  its  caudal  end,  especially  on  the  right  side,  was  abnor- 
mally -slender.  The  cortex  is  decide<ily  thin  on  both  sides, 
most  markedly  so  on  the  right.  At  the  area  for  motor  speech, 
the  left  side  showed  a  clear  lack  of  development  (depression), 
but  the  cortex  was  not  particularly  thin  for  this  braiu. 

At  10,  the  area  for  taste  and  smell,  there  was  a  general  lack 
of  development,  exhibited  by  the  entire  temporal  lobe.  This 
is  easily  explained  by  the  slow  growth  of  this  portion  of  the 
brain,  a  growth  which  was  quite  incomplete  at  the  period 
when  Laura  was  taken  ill  (2  years).  The  glossopharyngeal 
nerves  appeared  normal,  but  the  olfactory  bulbs  and  tracts  were 
small,  though  not  so  small  as  in  the  case  of  some  normal  per- 
sons. The  thinness  of  the  cortex  at  this  ^>oint  (10)  appears 
therefore  as  a  part  of  tiie  general  arrest  in  growth. 

Piissing  now  to  the  visual  area  it  was  uoticinl  macroscopi- 
oally  that  both  occipital  lobes  were  blunted,  but  the  right  side 
turned  oat  in  every  way  to  be  much  the  more  defective  and 
anomalous.  Concordantly  the  cortex  of  this  right  side  at  11, 
8,  and  14  is  much  thinner  than  that  of  the  left. 

It  must  be  recalled  here  that  although  at  the  age  of  two 
years,  I^nra  l)wame  completely  blind  in  her  left  eye,  yet  she 
retained  some  remnant  of  vision  with  her  right  eye  up  to  her 
eighth  year.  This  has  left  its  mark  on  the  entire  central  ap- 
paratus for  vision.     The  right  optic  nerve  is  larger  than  the 

left. 

Aren  of  croM-sci'tlon  of  R.  optic  nerve  ^S.OOQ  mm. 
,1      t(      t.        44        »i   L^      i.       ik     «3.38  "    »* 

The  relation  in  the  tracts  is,  of  course,  reversed : 

Area  of  cro«s-8«ctlOD  of  R.  optic  tract  =  3.15  G  una. 
"     "      '•         "       "  L.      '»        '*    »-4.(IO  ••    '• 

On  the  one  hand  then  we  have  loss  of  vision  in  left  eye  at 
2  years  of  age,  associated  with  the  smaller  optic  nerve  and 
tract — a  defectively  developed  right  occipital  lobe  and  a  thin 
cortex  in  the  right  visual  area.  On  the  other  hand  we  have 
some  vision  in  the  right  eye  up  to  the  eighth  year  of  age,  as- 
sociated with  the  larger  optic  nerve  and  tract,  the  more  nor- 
mal occipital  lobe  and  the  thicker  cortex. 
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The  general  thinning  of  the  motor  cortex  T  would  explain  in 
part  by  the  absence  of  the  fibres  throngh  which  the  motor  areas 
are  normally  associated  with  the  sensory  ar«as — here  deiective 
— and  in  part  by  the  smaller  size  of  some  of  the  cell  elements 
and  non-development  of  others,  resulting  from  lack  of  stimoli. 
The  defects  in  the  visual  and  auditory  area  follow  directly 
from  the  loss  of  the  corresponding  sense  organs  and  conse- 
quent arrest  of  growth.  When  the  loss  is  not  at  first  com- 
plete a  good  deal  of  su1>seqnent  development  is  possible. 
Why  the  speech  ■c<inti*e  has  not  a  thinner  cortex  I  cannot,  at 
the  moment,  explain. 

In  considering  the  fact  that  the  sensory  centers  are  much 
more  affected  than  the  motor,  it  should  be  remembeji^l  that 
aside  from  the  s]ieuial  loss  due  to  arrest  and  possibly  degen- 
eration falling  less  on  the  motor  than  on  the  sensory  centree, 
there  is  the  physiological  difference  that  each  motor  centres 
can  be  excited  by  way  of  any  sensory  centre,  and  hence,  &o 
long  as  any  senses  are  left,  the  motor  centres  must  be  stimu- 
lated to  some  degree,  while  the  destruction  of  the  special  sense- 
organ  throws  a  given  sensory  centre  quite  out  of  function. 
The  physiological]  conditions  in  the  two  cases  are  therefore 
quite  different  and  in  favor  of  the  development  of  the  motor 
Bide. 

For  reference.  I  introduce  here  several  tables  containing 
the  details  of  the  figures  jnst  given. 

Table  VII.  givi-s  the  maximum  ami  minimum  thickness  of 
the  cortex  as  observed  at  each  locality  on  I^aura  Bridgman 
and  the  nine  controls.  The  maximum  was  taken  at  the  sum- 
mit of  the  gyrus  and  the  minimum  at  the  side  —  not  at  the 
bottom  of  the  sulcns.  The  average  of  the  maximum  and 
minimum  is  obtained  by  doubling  the  minimum,  adding  the 
result  to  the  maximum  and  dividing  the  sum  by  three.  This 
average  figure  is  given  in  the  third  column  for  each  hemi- 
sphere. The  averag(*3  at  the  foot  of  the  first  and  sixrond 
columns  are  obtained  by  dividing  the  sum  of  these  columns 
by  fourteen.  All  the  figures  in  this  table  are  corrected  for 
hardening,  so  that  they  represent  the  natural  thickness  of  the 
cortex.  The  obsei-vations  for  the  males  and  females  are  sepa- 
rated. 
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Table  IX.  f^iveB  the  difference  in  the  thickness  of  the  cortex 
in  the  two  hemispheres  o(  those  controls  in  which  the 
difference  is  greatest.  The  figures  on  which  this  table  is 
baaed  are  found  in  the  *'average'*  columns  of  Table  VII. 
The  controls  are  grouped  into  males  and  females  and  the  in- 
stonoe  of  greatest  difference  fonnd  for  each  group.  To  be 
compared  with  this  is  the  difference  in  the  same  localities  in 
the  Bridgiuan  brain.  The  figures  for  fhe  latter  show  that 
the  differences  are  much  within  the  extremes  of  the  controls 
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except  at  those  localities  where  the  largest  difierenoe  is  to  he 
expected  i.  e.^  3,  8,  11,  14 — where  thej*  may  exceed  thoae  of 
the  controls.  The  roman  numeral  indicates  the  nomber  of  the 
specimen  and  the  Bide  which  is  larger  is  first  designated,  bo 
that  VI  L.VI  B.  means  that  tiie  left  hemisphere  has  the 
thicker  cortex  in  control  VI.  It  is  not  without  interest  in 
this  case  that  among  the  females,  9,  and  among  the  males, 
11  out  of  the  14  cases  have  the  left  cortex  the  thicker. 

Table  IX. 

Greatest  Differences  in  Cortical  Thickn^sa. 
Fema-lbs.  Males.  L.  6. 


L«e. 

Or.  IHir. 

SfiMtaaa. 

Or.Dlff 

Bp«cbiicti. 

Or.  inc. 

1. 

.68 

VI  L.— VI  R. 

.61 

X  L— X  R. 

.10 

R.  L. 

S. 

.43 

I  R.— I  L. 

.43 

X  L.-X  R- 

.15 

L.  R. 

.H. 

,18 

I  L— I  R. 

.75 

11  L.— n  K. 

.47 

R.  L. 

•L 

.80 

I  L.— 1  R. 

.38 

XII  L.— XII  R. 

.91 

R.  L. 

6. 

.76 

XI  L.— XI  R. 

.66 

X  L.— X  R. 

.14 

L.  R. 

6. 

.79 

VI  R— VI  L* 

.08 

XIIR,-XII  h. 

.30 

L.  R. 

7. 

.46 

I  L.— I  R. 

.06 

XIII..— XII  R. 

.31 

R.  L. 

6. 

.87 

VI  K.— VI  L. 

.33 

f    X  L.-X  R.    1 
tlllL.— IIIR.  J 

J^ 

L.  fi. 

0. 

.49 

I  L.— I  R. 

.55 

X  L.— X  R. 

.38 

L.  R. 

10. 

.30 

XI  R.-XI  L. 

M 

IV  R.-IV  L. 

.10 

R.  L. 

U. 

.17 

XI  L.— XI  R. 

.06 

f  III  L.— IIIR.\ 
\  IV  R.— IV  L.  t 

.78 

L.  R. 

la. 

.3a 

I  L.— 1  R. 

.56 

II  L— II  R. 

.14 

R.  L. 

13. 

.4S 

XI  R.-XI  L. 

.44 

IX  L.— IX  R. 

.12 

R.  L. 

14. 

.34 

I  L— I  R. 

.03 

XU  L— XII  R. 

.43 

L.  R. 

///. — Histological  Examination. 

The  Bridgmau  brain  was  not  well  enough  preserved  to  ad- 
mit of  a  very  tine  microscopical  examination.  Some  points 
can  be  made  out,  however,  on  sections  .02  mm.  thick,  stained 
with  hfematoxylin  and  cosin,  or  ho^matoxylin  and  camiinic 
acid,  or  with  Weigert-Pal  hiematoxylin.  "Whatever  general 
statements  are  made  are  always  in  comparison  with  the  nine 
controls,  from  which  sections  were  also  cut  and  similarly 
stained. 

The  cells  generally  in  the  Bridgman  cortex  have  abundant 
pigment—the  nuclei  often  somewhat  irregular  and  the  nucleoli 
sometimes  single  and  clear,  often  multiple  and  unclear,  and,  at 
times,  wanting.  Where  the  cortical  granules  form  layers  they 
appear  abundant,   as    a   rale,    and  immature  (i.  e.,  without 
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ftnglea),  as  though  tliey  had  been  arrested  in  their  growth. 
The  general  irapressiou  one  gets  is,  that  the  large  nerve  coUs 
are  neither  bo  large  nor  so  numerous  as  in  the  normal  brains. 
Of  cell  processes  and  abundance  of  fibres  one  can  only  say,  that 
there  appear  le^s  of  l)oth  in  all  localities,  and  hasten  to  add, 
that  the  poor  condition  of  the  material  makes  itself  painfully 
felt  at  this  point. 

It  seemed  worth  while,  however,  to  select  sections  from 
several  localities,  especially  those  in  which  the  cortex  of  the 
Bridgman  brain  appeared  thin,  and  attempt  to  get  some  no- 
tion of  the  development  of  the  cell  elements  at  these  points. 

To  arrive  at  this  result  I  counted  the  number  of  cells  above 
a  given  diameter  in  a  strip  of  the  cortex,  comparing  the  num- 
ber found  in  the  Bridgman  cortex  with  that  in  two  controls. 
For  results  see  Table  X. 

Table  X. 

To  show  the  average  Dumber  of  cells  12  h  Id  traatfverfie  diameter  vhlcb 
occur  In  0.01  C  mm.  of  cerebral  cortei  at  the  localkicA  named.  Seo- 
tioD»  .02  mm.  thick. 


Male. 

Feualb. 

Control  III. 

Control  XI. 

Laura  Brldgmau. 

liMBttty. 

•». 

•  U 

AT«r. 

a. 

L. 

Anr. 

B. 

L. 

.80 

A»er. 

Speech,  2 

.86 

MO 

0.075 

l.Ofl 

1.10 

i.n 

.03 

0.860 

Insula,     3 

1.15 

1.04 

1.10 

1.15 

1.03 

1.00 

1.00 

1.07 

1.035 

Head  and 
Kyes,       4 

1.13 

1.40 

1.26 

1,03 

1.40 

i.as 

1.11 

1.19 

1.15 

Hearing,  6 

1.23 

.09 

iTl 

1.23 

1.21 

1.225 

,81c 

.02 

0.800 

l^teand 
Smell,    10 

.82 

1.12 

0.97 

1.34 

.97 

1.150 

,86 

1.05 

0.900 

Sight,    11 

1.03 

.99 

1.01 

1.08 

M 

I.OIB 

.47  c 

1.01 

0.74 

Sight,    14 

1.13 

1.08 

1.105 

.99 

1.06 

1.03 

.40  c 

.02 

0.06 

Average, 

1.076 

1.126 

0.805 

•  R.  =  Ri^ht  hemisphere. 
t  L.  >=  I^ft  bemUphcre. 
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To  obtain  the«c  flgui«8  the  foUowing  method  was  employed* 
The  Bpecimen  was  fixed  upon  a  mecbaniral  8tage  in  sach  a 
way  that  !he  direotion  of  motion  was  vertical  to  the  cortex. 
It  was  examined  with  a  Zeiss  aporhromatic  objective,  4  mm. 
focas,  combined  with  the  eompcnsating  ©ye-pioce  6,  tnb& 
160  mm.,  thus  giving  an  enlargement  of  375  diameters. 

The  eye-piece  carried  the  micrometer  with  50  divisions. 
With  the  objective  used,  each  division  had  a  value  of  4  ft. 
The  whole  seal**  covered  therefore  50  times  .004  mm,  —  .2  mm. 

Placing  the  micrometer  scAle  so  that  it  was  at  right  angles 
to  the  direction  of  motion  for  the  specimen,  and  passing  the 
specimen  in  review  by  means  of  the  mechanical  stage,  a  Btrip 
of  cortex  .2  mm.  wide  could  be  brought,  throughout  its  entire 
ext«nt,  under  the  scale.  In  this  manner  the  nerve  cells  were 
Bift4Nl,  HO  to  Speak,  through  the  micrometer  scale,  and  each 
one  that  was  12  ^  or  more  in  diameter  was  picked  out, 
and  counted. 

Tn  selecting  the  point  on  the  section  at  which  to  make  thiB"" 
test  I  always  took  tJie  spot  where  the  cells  were  apparently — 
to  a  low  power — most  abundant,  and  in  all  cases  everything 
in  the  field  that  could  l>e  counted  waA  counted. 

The  depth  of  the  cortex  where  the  count  was  made  was 
multiplied  by  the  constant  width,  .2  mm.,  and  the  total  num- 
ber of  cells  divided  by  this  product,  using  .01  sq.  mm.  as  the 
unit.  The  thickness  of  the  section  was  always  .02  mm., 
which  being  a  constant  factor  may  be  neglected.  By  this 
trt'atment  it  comes  out  that  al>out  one  cell,  12  f*  or  more  in 
basal  diameter,  normally  occurs  in  each  .01  sq.  mm.  of  a  sec- 
tion .02  mm.  thick. 

For  comparison  with  the  Bridgman  sections  I  took  those 
from  Control  Ifl.  (Brain  weight  1,393  gr.,  male,  average  thick- 
ness of  cortex  R.  H.  2.77  m.,  L.  H.  2.86  m.),  and  Control  XX. 
(Brain  weight  1,1&6  gr.,  female,  average  thickness  of  cortex 
R.  H.  2.74  m.,  L.  H.  2.74  m.),  (gee  Table  IV.),  thus  happen- 
ing to  get  both  the  male  and  female  with  the  thinnest  cortex. 

Tabic  X.  shows  that,  taking  the  average  of  both  sides,  at  no 
locality  in  the  Bridgman  brain  ai*e  the  large  nerve  cells,  as  abun- 
dant as  in  the  controls.  The  number  in  both  the  controls  is 
nearly  the  same. 
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Taking  the  matter  more  in  detail  the  motor  areas  in  Lanra 
do  not  show  as  great  a  poverty  of  large  cells  as  the  sensory 
areas. 

In  three  instances  (marked  c  in  Table  X.),  the  abundance 
of  cells  accords  with  the  thickness  of  the  cortex — i.  e.,  the 
thicker  cortex  has  the  larger  nnmber  of  cells.  These  in- 
stances include  the  ones  in  which  the  Bridgman  cortex  most 
clearly  deviates  from  the  normals. 

As  in  the  measuromenU  of  cortical  thickness,  so  in  the 
abandance  of  cells,  the  Bridgmau  brain  is  clearly  deficient  at 
6,  the  auditory  area  and  in  the  right  hemisphere  at  II  and  14, 
visual  area^  while  in  the  left  hemisphere  some  deficiency  is  to 
be  noted  only  at  14,  thus  again  bringing  out  the  contrast  be- 
Ltween  the  occipital  regions  on  the  two  sides.  Locality  10  has 
fewer  cells  than  the  controls,  but  tlie  difference  is  not  so 
marked  as  in  the  thickness  of  the  cortex. 

In  general  it  may  be  added  that  where  the  number  of  cells 
above  12  z'.  in  basal  diameter  was  small,  that  there  the  abeo- 
Inte  number  of  large  cells  appeared  smaller,  and  the  very 
largest  cells  not  so  large,  as  in  the  controls.  In  other  words, 
small  number  and  small  size  of  large  cells  appeareil  to  be 
associated,  though  I  have  no  figures  to  present  on  the  point. 
If,  however,  my  impression  ia  correct,  then  Table  X.  only  in 
part  represents  the  difference  in  the  development  of  the  cor- 
tical cells  of  Lanra  as  compared  with  the  controls. 

Summary. 
/. — General. 

1.  No  figures  can  be  given  for  Che  average  thickness  of  the 
fresh  normal  cortex.  The  various  investigators  differ  widely 
in  their  results.  My  own  results  agree  most  cioscly  with 
those  of  Jensen. 

2.  Persons  with  an  acquired  defect  of  the  central  nervous 
system  have  a  thinner  cortex  than  normal  persons. 

3.  Females  have  a  slightly  thinner  cortex  than  males. 
Difference  less  than  1  % . 

4.  Therighthemisphere  (normally)  has  a  cortex  a  few  per- 
cent less  thick  than  the  left.     Maximum  differeaoe  7%. 
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n. — Special. 

1.  The  cortex  of  Lanra  Brid^man  was  abnormally  thin, 
having  bat  89%  of  tbo  thickness  of  the  oontrole.  If  we  sap- 
pose  that  in  its  otlier  dimensions  the  cortex  was  similariy 
reduced  in  development,  i.  e.  by  11%  in  each  linear  meas- 
nrement,  then  its  normal  extent  would  have  been  246,808  »q. 
mm.  instead  of  200,202.5  sq.  mm.  as  foond.  This  estimate 
is  similar  to  some  of  those  by  the  Italian  observers,  Colori 
(•)  and  De  Il4»giba8  (">•  "•). 

2.  The  right  hemisphere  had  on  the  average  the  thinner 
cortex — specially  to  bo  associated  with  the  defective  visual 
area. 

3.  The  tliinning  in  the  motor  areas  was  not  so  well  marked 
as  in  the  areas  for  the  defective  senses. 

4.  Cortex  of  motor  speech  centre  was  not  tliin. 

5.  Cortex  of  area  for  dermal  sensations  was  well  developed. 

6.  Auditory  areas  (0)  on  both  Hides  and  visual  area  on 
right  side  (11,  8,  14)  remarkably  thiu. 

7.  Area  for  taste  and  smell  ( 10)  thin — associated  with  the 
generally  undeveloped  state  of  tlie  temiioral  lobe. 

TIT. — IliMolofjical. 

1.  The  cortex  of  Laura  Bridgman  contained  aa  abnormally 
small  number  of  large  nerve  cells — i.  e.,  cells  12  «.  or  more  in 
transverse  basal  diameter. 

2.  There  were  fewer  nerve  cells  in  the  samples  from  the 
right,  than  in  those  from  the  left  hemisphere. 

3.  The  deficiency  of  nerve  e^lls  was  not  so  well  marked  in 
the  motor  as  in  the  sensory  areas. 

4.  In  the  centre  for  motor  speech  (2)  the  number  of  nerve 
cells  was  abnormally  small. 

5.  Number  of  uer\'e  cells  very  small  in  the  auditory  areas 
(6),  both  sides,  and  in  the  visual  area  (11,  8, 14)  on  the  right 
side. 

6.  Some  diminution  in  the  number  of  cells  at  (10),  area 
for  taste  and  smell.     Region  generally  undeveloped. 

7.  The  small  number  of  celts  was  associated  with  small 
size  of  the  largest  cells. 


The  i>erBist<*nce  of  vision,  though  in  a  very  defectivo  form, 
is  still  of  great  importance  to  the  full  development  of  the 
visual  cort-ex — e.  g.,  right  eye  and  left  visual  area  in  Laura. 


Obsebvatiokb  on  the  Olfactory  Beoion. 


Albbbt  C.  Gbtchell,  M.  D,,  Worcester. 


Description  of  the  Specimen. 

The  specimen  submitted  for  examination  was  a  portion  of 
the  ethmoid  bone,  extending  from  the  anterior  Iviee  of  the 
crista  galli  to  the  sphenoid  l>one,  a  small  part  of  the  sphenoid 
l>eLDg  inelnded  in  it.  It  contained  nearly  all  the  perpemlicular 
plate  of  the  ethmoid.  At  the  Hphenoidal  end  the  lateral  sar- 
faces  were  devoid  of  niucons  membrane  ;  towards  the  frontal 
end  the  surfaces  were  quite  covered  with  the  remains  of  mem- 
brane in  a  ragged  condition.  The  right  superior  turbinated 
bone  presentcii  a  smooth  surface  marked  with  grooves.  Be- 
tween it  and  the  perpendicular  p1at<e  was  mucous  membrane. 
Little  of  the  left  superior  turbinated  bone  remained,  and  that 
whicii  did  was  rough  and  without  grooves.  The  entire  Hi>eci- 
men  measured  from  the  extreme  frontal  to  the  sphenoidal 
end,  3  cm.;  from  the  apex  of  tiie  crista  to  the  farthest  point 
on  the  perpendicular  plate,  2.2  em.;  laterally  its  greatest 
measurement  was  through  the  horizontal  plate  of  the  ethmoid, 
.5  cm.  This  line  represented  the  base  of  two  triangles;  the 
apex  of  one  being  the  tip  of  the  crista,  that  of  the  other  the 
farthest  point  on  the  perpendicular  plate  of  the  ethmoid. 

The  (Specimen  had  been  hartlened  in  Midler^s  fluid,  and  de- 
calcifieti  in  a  satnmtetl  solution  of  picric  acid,  the  process  IxHng 
completed  in  a  1%  solntion  of  hydrochloric  acid.  It  was  im* 
bedde<l  in  celloidin,  and  most  of  the  sections  were  stained  with 
Delalield^p  hn^matoxylin  and  cosine.  Four  a<iditional  stains 
were  used  for  nerves,  viz.:  Upson's  carminic  acid,  Schnrfer's 
nigrosine,  htematoxylin  und  carminic  acid,  and  Pal's 
hiemHtoxylin. 

Resuits  of  the  Microscopic  Examijiaiion. 

For  the  purpose   of   comparison,   I  obtained  a  specimen 
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similar  to  the  one  undor  consideration.  This  was  a  portion  of 
the  ethmoid  bone  taken  from  an  elderly  man  who  had  been  a 
patient  at  the  Worcester  Insane  Asylum,  and  had  died  there. 
The  presumption  wonld  be  that  this  specimen  could  not  be 
taken  as  a  type  of  the  normal,  for  it  is  difficult  to  suppose 
that  one  conld  pass  the  greater  part  of  a  long  life  in  this 
climate  without  having  had  more  or  less  nasal  catarrh.  The 
specimen  was,  howcrer,  healthy  in  its  gross  appearance:  that 
is,  it  was  symmetrical,  both  superior  turbinated  bones  were 
present ;  their  surfaces  were  shiuy  an<I  grooved  ;  the  mucous 
membrane  was  genei-ally  aud  uniformly  distributed  between 
the  perpendicular  plate  and  the  superior  turbinated  bones. 
The  next  point  to  consider  was  its  microscopic  appearance, 
and  here  arose  the  question,  What  is  our  8tan<lar<l  for  the 
normal!  The  work  in  this  region  has  been  done  mainly  upon 
the  lower  animals,  and  while  the  results  obtained  are  in  the 
main  applicable  to  the  olfactory  region  of  the  higher  animals, 
including  man,  obviously  it  wonld  be  of  great  assistance  to 
have  well-conducted  studies  upon  the  olfactory  region  of  man. 
In  an  investigation  upon  the  olfactory  region  of  a  case  of 
lenkiemia  Hermann  SuchannekC")  has  touched  upon  this 
topic.  He  has  figured  a  microscopic  section  of  the  olfactory 
region  of  a  man  40  years  old,  with  a  normal  sense  of  smell. 
The  picture  agrees  with  the  usual  description  of  this  region. 
It  represent-s  a  section  consisting  of  a  regular  row  of  epithelial 
cells,  resting  upon  abasement  membrane,  beneath  which  are 
many  Bowman^s  glands,  a  few  blood  vessels  and  nerves,  with 
little  iutertubuJar  connective  tissue.  Unfortunattily  no  meas- 
urements are  given,  either  of  the  entire  mucous  membrane  or 
the  epithelium.  My  specimen  presented  a  different  appear- 
ance. The  epithelial  layer  pn^served  for  the  most  part  Its 
normal  characteristics  of  a  regular  row  of  columnar  cells  rest- 
ing upon  a  row  of  round  cells,  the  epithelial  cells  being  well 
forrae<l  and  distinct.  In  mauy  places,  however,  the  surface 
was  not  so  well  defined,  but  was  breaking  into  crowded 
Irregular  masses  of  grannlar  matter,  while  the  subjacent  layer 
of  round  cells  had  disappeared,  and  its  place  was  taken  by  a 
mass  of  round  cells,  which  penetrated  deeply  the  underlying 
tissue.  In  these  localities  the  surface  layer  of  cells  was  thrown 
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into  folds  which  projected  abore  the  surface,  and  also  rami- 
fied into  the  mncoaH  membranef  like  glands.  There  was  h  gen- 
eral increase  of  connective  tiasne.  The  thickness  of  the  entire 
mncouB  membrane  varied  from  .16  mm.  to  .88  mm.  Those 
localities  that  measared  .16  mm.,  taking  as  a  standard  the 
nsual  description  and  the  figure  of  Snchannek,  were  fairly 
normal.  The  epithelium  of  these  regions  wafi  particularly 
healthy.  The  epithelial  layer  varied  from  30^  to  9Sm  in  thick- 
ness (KoUiker  quot«d  by  Schwalbe(")  gives  40^*  to  98."  as  the 
normal  thickness).  It  waathinncstat  thcextromevaultof  the 
olfactory  fissure. 

In  the  Brid^man  sections  the  thickness  of  the  mucous  mem- 
brane entire  varied  from  .16  mm.  to  .64  mm.,  and  the  thickness 
of  the  epithelial  layer  from  48."  to  ^Of,  Taking  .16  mm.  ns  the 
thickness  of  the  normal  mucous  membrane,  1  found  those  areas 
of  the  mucous  membrane  that  were  of  this  thickness,  far  from 
normal.  The  surface  of  the  epithelial  layer  was  covered  with 
thin  granular  matter,  and  the  surface  linn  was  very  irregular. 
The  cells  took  the  stain  poorly,  showing  that  they  were 
degenerating  into  mucus.  In  many  places  the  cell  bodies 
had  entirely  disappeared,  leaving  a  mere  outline  of  their 
former  structures.  The  row  of  round  cells  hud  disappeared 
and  its  place  was  taken  by  a  mass  of  cells,  now  pushing  up 
into  the  epithelial  layer,  now  invading  the  memhraua  limitans. 
In  the  sub-epithelial  tissue  there  was  a  dense  deposit  of  con- 
nective tissue.  In  no  part  of  the  specimen  was  the  epithelium 
healthy.  At  some  points  the  mucous  membrane  was  en- 
tirely devoid  of  epithelial  cells  ;  at  others,  there  was  the  row 
of  round  cells,  now  single,  now  two  or  three  deep.  In  some 
places  these  cells  w«ro  becoming  polygonal  in  shape;  again 
over  them  was  a  crowded  confused  mass  of  irregular  t^lls 
breaking  away.  In  some  places  there  were  breaks  of  continuity 
in  the  line  of  epithelial  cells,  otherwise  fairly  regular  in  their 
size  and  distribution.  There  were  also  places  where  the  sur- 
face of  the  mucous  membrane  was  thrown  into  elevations. 
There  was  generally  a  large  increase  of  connective  tissue, 
which,  in  some  areas,  had  replaced  everything  else  In 
other  areas  was  abundant  infiltration  of  small,  round  cells. 
Howman^s  glands  were  very  irregularly  distributed  and  varied 
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maoh  in  their  charBc*t«r.  They  prosented  all  gradations  from 
a  ring  of  fairly  healthy  polygonal  cells  to  a  confused  mass 
of  grannlar  matter. 

The  mucons  membrane  on  the  right  of  the  septum  was  much 
healthier  than  that  on  the  left.  Its  thickness  was  uniform, 
tliougb  in  some  places  there  was  an  increased  deposit  of  con- 
nective tissue.  The  curve  int-o  the  vault  of  the  olfactory  fis- 
sure was  uninterrupted  and  regular  throughout  this  side  of 
the  specimen.  The  epithelial  cells,  though  iudividually  nnder* 
going  degeneration,  were  fairly  regular  in  outline.  Bowman's 
glands  were  numerous  in  the  fronUil  part  of  fhe  specimen,  bat 
toward  the  sphenoidal  end  they  had  disappeared.  Through- 
out this  area  were  nerves  and  blood-ve-ssels,  with  greatly 
thickened  walls.  The  left  side  of  the  specimen  presented  a 
very  difierent  picture.  In  the  frontal  fifth  of  the  olfactory  fis- 
sure was  crowded  a  mass  of  connective  tissue,  in  which  were 
nerves,  blood-vessels,  glands,  covered  ventrad  with  de- 
generated epithelium.  Still  ventrad  to  this,  the  perpendicnlar 
plate  was  devoid  of  mucous  membrane,  as  was  also  that  part  of 
the  superior  turbinated  bone  which  remained ;  the  greater 
part  of  this  bone  was  either  in  small  fragments  or  had  entirely 
disappeared.  The  remaining  four-fifths  of  this  side  of  the 
specimen  wus  occupie<l  by  a  fibrous  tumor,  which  was,  as  it 
were,  in  a  closed  cavity,  the  mucous  membrane  of  the  septnm 
having  firmly  united  with  that  of  the  superior  turbinated 
bone,  giving  in  the  sections  the  appearance  of  a  ring  lined 
with  epithelium,  enclosing  the  tumor.  The  tumor  sprang  from 
the  septum  and  projected  into  the  superior  meatus.  Its  length 
from  itA  frontal  to  its  sphenoidal  end,  estimated  by  the  num- 
ber of  sections  in  which  it  was  found,  was  upwards  of  1.5  cm. 
It  was  irregularly  polygonal  in  shape,  and  measured  at  its 
frontal  end  1.12  mm.  in  height  (that  is,  from  the  septum  to 
the  ai>ex  of  the  tumor)  and  1.05  mm.  in  breadth,  while  at  its 
sphenoidal  end  the  corresponding  measui^ements  were  2.50 
mm.  and  1.44  mm.  Its  character  changed  from  the  frontal  to 
the  sphenoidal  end.  In  the  frontal  n'gion  it  was  made  up  of 
a  central  column  of  dense  connective  tissue,  which  supported 
nerves,  blood  vessels,  Bowman's  glalids,  the  whole  being  cot- 
ered  with  a  layer  of  epithelium  as  healthy  as  that  in  any  part 
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of  the  specimen.  At  the  sphenoidal  end  the  central  colnnin 
was  divided  by  a  fissnre,  Bowman's  glands  had  disappeared, 
and  the  whole  tumor  was  filled  with  spaces  of  irregular  shape, 
many  of  them  fnll  of  blood  corpuscles.  Blood  vessels 
remained,  but  there  were  few  nei-ves  and  the  greater  part  of 
the  tumor  was  devoid  of  epithebnm. 

The  Nerve.s. 

There  were  two  varieties  of  nerves  in  the  specimen,  a 
branch  of  the  ophthalmic  division  of  the  fifth  which  paseee 
into  the  nose  through  the  fissure  at  the  base  of  the  crista 
galli,  and  the  olfa<'tory  nerves.  The  branch  of  the  fifth,  a 
medullated  nerve,  was  in  the  main  normal.  The  axis  cylin- 
ders stood  out  sharply  throughout  the  greater  pait  of  the 
sections.  In  some  areas,  however,  they  had  lost  this  dis- 
tinctness and  showed  signs  of  beginning  degeneration.  But 
the  change  was  no  greater  than  might  be  expected  in  a  woman 
of  Laura^s  age. 

Before  enteriug  upon  the  description  of  the  olfactory  nerves 
of  this  specimen,  it  will  be  well  to  discuss  briefly  the  normal 
and  pathological  anatomy  of  the  olfactory  nerve  in  general. 

The  generally  accepted  view  of  the  non-medulIate<l  nei-ve, 
of  which  the  olfactory  is  a  type,  is  that  it  is  made  up  of  the 
so-called  Bemak's  fibres.  Each  of  these  consists  ol  an  axis 
cylinder,  a  neui'ilemma,  and  between  the  two  a  nucleated 
nerve  corpuscle  from  place  to  place.  This  fibre  has  a  striated 
appearance  due,  atrcording  to  Max  ScholUe,  to  the  fibrillte  of 
the  nerve.,  whicli  are  distinguished  from  the  axis  cylinders  of 
a  medullated  nerve  in  tliat  they  individually  have  no  medul- 
lary sheath.  Boveri(,,),  on  the  other  hand,  has  made  a  care- 
ful study  of  this  subject,  and  concludes  that  the  fibrillie  of 
Max  Schultze  are  really  nerve  fibres,  each  having  a  medul- 
lated sheath.  This  sheath  does  not,  however,  belong  exclu- 
sively to  each  nerve.  It  sustains  the  same  relation  to  the 
contiguous  nerve  fibres  that  the  cell  wall  of  a  honey-comb 
does  to  the  cells.  A  number  of  these  nerves  are  surrounded 
by  an  envelope  of  connective  tisane,  In  which  are  here  and 
there  stellate  connective  tissue  corpuscles.  There  are  also 
within  the  investing  sheath,  among  the  nerves,  connective 
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tiesne  corpascles,  with  stellate  rays  which  can  be  traoed  very- 
far,  even  to  the  eaclosiag  sheath. 

The  olfactory  nerves  are  subject  to  certain  definite  patho- 
logical conditions.  In  the  first  place,  they  may  be  eongen- 
itally  absent.  Injury  to  the  head  may  cause  rapture  to  the 
nerves  as  they  pass  through  the  cribrilorm  plate.  Excessive 
stimulation  may  temporarily  or  permanently  destroy  their 
excitability.  Tumors  in  the  brain  or  cerebral  hemorrha^ 
may  by  pressure  cause  disease  of  the  olfactory  nenres.  There 
may  be  atrophy  of  the  bulb  or  nerves,  or  they  may  be  affettted 
by  the  degenerative  changes  of  old  age.  Simple  neuritis  is  a 
very  rare  affection  (Althaus)  (*').  Chronic  neuritis,  due  to 
syphilis,  however,  is  not  uncommon.  The  nerve  may  become 
involved  in  local  inflammatoiy  changes  in  connection  with 
jneningitis.  BosworthC)  is  of  the  opinion  that  a  very 
Irequent  cause  of  anosmia  from  diseases  of  the  olfactory 
nerves  is  due  to  the  Influence  of  local  inflammatory  changes. 
Thus  in  acute  rhinitis,  anosmia  persists  many  days  after  the 
inflammatory  process  undergoes  resolution.  In  severer 
■disease  of  the  nose,  where  the  local  inflammatory  action  per- 
sists longer,  or  is  of  a  severer  type,  the  anosmia  lasts  much 
longer,  long  after  the  Inflammatory  action  has  subsided. 

To  return  to  our  specimen.  The  nerves  were  numerous 
and  were  easily  distinguished  by  moderate  powers  of  the 
microscope  (320  diameters.)  To  get  some  definite  idea  of  the 
distribution  of  the  nerves  in  the  different  parts  of  the  specimen 
I  selected  five  slides  and  counted  the  nerves  on  them.  One  of 
these  sections  was  from  the  frontal  eud,  one  from  the  sphe- 
noidal, the  other  three  at  regular  intervals  between  them.  I 
also  made  a  count  of  the  nerves  of  the  control  specimen  under 
similar  conditions,  with  the  following  results,  (The  slide 
numbered  one  in  each  case,  was  from  the  frontal  end). 


BridgmAU. 

1st  slide, 
2nd     *» 
3rd     " 

4Lh     '' 
6th      '' 


Control. 


1  nerve. 

7  *» 
28  '* 
3a  " 
18     " 


1st  slide. 

4  uervet. 

and     '« 

30      " 

3id     '• 

10       " 

4th     '• 

8       ** 

5th     " 

15       " 

Total  86 


Total  57 
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This  enomeration  is  of  interest  in  that  it  shows  the  dis- 
tribution  of  the  nervefl  in  the  different  parts  of  the  specimens, 
but  it  giveH  no  reliable  information  as  to  the  relative  number 
of  nerves  in  the  two  spocimena.  It  is  a  difficnit  matter,  even 
under  favorable  conditions,  to  stain  the  olfactory  nerves  so 
as  to  show  the  nerve  fibres.  In  neither  of  these  specimens 
was  I  able  to  show  the  olfactory  nerves  with  the  special  stains 
for  nerve  tissue.  The  only  stain  that  brought  them  out  at  all 
was  the  htematoxylin  and  eosine,  which  did  it  by  virtue  of  itA 
differentiating  the  connective  tissue.  We  shall  see  that  this 
latter  was  greatly  incrt^ased  in  the  Bridgman  specimen,  and 
it  is  evi<lent  that  because  of  this  many  more  nerves  would 
be  detected  than  in  the  healtJiicr  specimen. 

In  the  Bridgman  slides,  the  nerves  were  surrounded  by  a 
ring  of  connective  tissue  which  was  very  thick.  Within  this 
ring  wa.s  a  uniformly  granular  field  broken  up  into  smaller 
areas,  and  more  or  less  studded  with  deeply  stained  dots. 
With  a  t'j  oil  immersion  objective,  these  dots  wore  seen  to  be 
stellate  connective  tissue  corpuscles.  The  areas  alluded  to 
above  corresponded  to  the  portions  of  the  nerve  bounded  by 
the  connective  tissue  envelope  in  Boveri's  sections.  Here,  as 
with  his  sections,  the  connective  tissue  corpuscles  were  upon 
and  within  the  sheaths.  Rather  the  connective  tissue  cor- 
puscles of  the  sheath  were  where  the  sheath  should  be,  that 
place  being  represented  in  out  sections  by  a  vacant  space.  As 
this  apparent  shrinking  was  quite  general  throughout  the 
specimen,  I  attributed  it  to  the  action  of  reagents.  With 
this  power,  the  nerve  presented  a  regularly  mottled  appear- 
ancef  very  similar  to  a  section  of  a  frog's  olfactory  nerve 
M  figured  by  Boveri,  and  repr€«enting  according  to  his  views 
the  cut  ends  of  the  nerve  fibres.  The  nerve  in  its  essential 
elements,  therefore,  was  normal.  The  connective  tissue 
elements,  however,  were  largely  increased. 
General  ConMderatioiiS, 

It  will  be  interesting  now,  to  gather  together  the  available 
facts  relating  to  I^uni's  sense  of  smell,  and  the  general  con- 
dition of  her  nasal  mucous  membrane  during  life,  and  to  find, 
if  we  can,  in  the  condition  of  this  membrane  an  explanation 
of  her  symptoms. 
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As  an  infant  she  was  tielit^te,  being  subject  to  severe  con- 
Tolfiions.  But  later  her  health  iraprove<l,  and  when  two  years 
old  she  is  described  as  being  more  active  and  intelligent  than 
ordinary  children.  At  two  she  had  scarlet  fever  with  such 
severity  that  for  seven  weeks  she  was  unable  to  swallow  Holid 
food.  Both  eyes  and  ears  were  affected,  suppurating  freely 
(*-*•).  When  8<'ven  years  old  she  was  seen  by  Dr.  R.  D. 
Mussey,  Professor  of  Ajiatomy  and  Surgery  at  Dartmouth 
Ck)nege,  and  in  a  letter  dated  April  14,  1837,  he  thns  alludes 
to  her  sense  of  smell :  "Her  sense  of  smell  is  thought  by  her 
mother  to  be  less  acute  than  other  children,  as  she  very  sel- 
dom applies  any  odorous  substance  to  her  nose :  it  is  not 
improl>able  that  this  sense  may  have  been  impaire<;l  by  the 
fever'X*""")-  T°  this  year,  1837,  she  entered  the  Perkins 
Institntion  and  we  find  in  Dr.  Howe's  report  this  note  (*""*) : 
"For  all  purposes  of  use  she  is  without  smell,  and  takes  no 
notice  of  the  odor  of  a  i-ose,  or  the  smell  of  cologne  water^ 
when  held  quite  near  her,  though  acrid  and  pungent  odors 
seem  to  aflect  the  olfactory  nerve.^'  April  6,  1842,  Miss 
Swift,  Laura's  teacher,  made  this  note(^-''-"') :  "Dr.  Howe 
came  into  the  room,  while  she  was  having  a  lesson,  peeling 
an  orange.  She  stopped  in  the  midst  of  a  sentence  to  say, 
'I  smell  an  orange.'  We  can  see  a  decided  improvement  in 
her  sense  of  smell  since  last  year,  but  she  has  never  notice<l 
any  perfume  so  quickly  or  at  so  great  a  distance  before/' 
June  19,  1844,  we  find  this  note('-«^»'):  *'Thi8  is  the  first 
Beason  she  has  ever  perceived  the  smell  of  a  rose  or  pink, 
and  she  now  puts  all  flowers  to  her  nose  and  is  disappointed 
if  they  have  no  perfume.  In  a  letter  to  Mrs.  Howe,  dated 
June  25,  1844,  Laura  herself  eaysC*"**  *■),  "I  can  smell  roses 
much  better  than  I  did  two  years  ago,  and  it  gives  me  much 
pleasure  in  smelling  roses." 

I  find  but  lew  observations  upon  the  general  condition  of 
her  nose.  Dec.  14,  1843,  Miss  Swift  made  this  note('-''  "'): 
'  'She  has  always  been  a  sufferer  from  a  8ever«  catarrhal  affec- 
tion, and  as  this  shows  signs  of  improvement,  we  hope  for  a 
corresponding  one  in  both  smell  and  taste.- ■  In  1878  Dr.  G. 
Stanley  Hall^  in  the  coarse  of  a  series  of  observations  upon 
her  several  faculties,  examined  her  nose  with  this  result(*); 
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*'There  is  no  deformity  or  scarification  observable  without  or 
from  a  cursory  examination  within  the  nose,  and  the  yellow 
pigment  of  the  SoUneiderian  membrane  can  be  seen  by  a  very 
simple  appai-atua."  Dr.  Hall  made  further  this  very  inter- 
esting observation.  He  described  her  sleeping  with  long 
regular  breathing,  the  toeth  slightly  apart  and  the  tongue 
pressed  against  them  and  almost  between  them. 

I  have  received  the  following  letter  from  Miss  Delia  Ben- 
nett, who  has  been  a  teacher  in  the  Perkins  Institution  since 
1876: 

"Laura  Bridgman  lived  for  several  years  in  the  same  family 
witli  mysi'lf,  and  I  have  conferi*ed  with  the  matron  of  the  cot- 
tage, and  can  answer  most  of  your  questions  definitely.  There 
▼as  copious  discharge  from  her  nose,  so  much  so  that  she 
WBB  wont  to  say.  *My  poor  nose!'  Her  handkerchief  was  in 
frequent  demand,  and  she  used  many.  Her  breath  was  never 
offensive.  She  always  breathed  through  her  nose^  a  habit 
which  she  formed  when  quite  young,  and  her  breathing  was 
often  accompanied  with  a  gentle  whisrllng  sound.  I  have 
seen  her  asleep  in  the  daytime  and  her  mouth  was  closed,  but 
I  cannot  tell  al>out  the  uight.  She  did  remove  mucus  from 
her  tliroat,  and  occasionally  had  a  sore  throat.^' 

From  these  notes  one  gathers  that  at  the  age  of  two,  Laura 
sufiered  from  a  severe  inflammation  of  the  naso- pharynx, 
which  doubtless  extended  to  her  nose:  that  after  her  illness 
she  was  quite  destitut-e  of  the  sense  of  smell,  entirely  so  when 
at  the  age  of  eight  she  entered  the  Perkins  Institution  :  that  at 
the  age  of  fifteen  she  could  detect  with  certainty  and  pleasure 
moderately  pronounced  odors :  that  she  had  a  severe  nasal 
catarrh  which  lasted  her  entire  life,  although  it  decreased 
somewhat  in  severity:  furthermore  that  there  was  no  deform- 
ity without  or  within  the  nose  that  could  be  seen  by  one  not 
accustomed  to  examine  these  ports. 

We  now  come  to  the  consideration  of  the  cause  of  f^ura's 
anosmia  and  her  partial  recovery  from  it.  We  have  seen 
tbat  the  olfact-ory  nerves  were  capable  of  performing  their 
function,  and  according  to  Dr.  Donaldson  {vide  ante)  there 
was  no  central  lesion  that  would  cause  anosmia.  We  must 
therefor-e  si»ek  for  the  cause  in  the  periphery  of  the  nervous 
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apparatus.  The  two  chief  peripheral  oauRps  of  anoHmia  are 
obstruction  to  the  iuepired  air  due  to  dcforiuity  of  the  nosef 
hypertrophy  of  the  turbinated  bodies,  nasal  polypi  or  tumors, 
and  atrophic  disease.  That  there  was  not  atrophic  disease 
is  shown  by  the  absence  of  ba<l  odor,  by  the  partial  return  of 
the  sense  of  smell,  and  by  the  result  of  oar  examination  of 
the  specimen.  FurtherraoreT  according  to  Bosworth,  catarrhal 
afiections  caused  by  febrile  diseases  and  prominently  scarlet 
lever,  are  characterized  by  hypertrophic  changes  (•-pw)^ 
It  is  qnit^  improbable  that  Lanra  had  any  deformity  of 
the  nose  or  hyptirtropbic  disease  in  the  respiratory  part  of  the 
nose,  which  would  interfere  very  materially  with  the  access 
of  the  inspired  air  to  the  olfactory  region,  and  it  is  in  this  lat- 
ter region,  therefore,  that  we  must  look  for  the  cause  of  her 
anosmia.  We  have  found  in  the  left  superior  meatus  an 
adequate  cause  for  a  complete  absence  of  the  sense  of  smell 
for  that  area,  in  the  extensive  disease  there  which  resulted  in 
a  thorough  disorganization  of  the  mucous  membrane  in  a  part 
of  fcheolfactory  fissure,  while  the  rest  was  excluded  from  all  con- 
tact with  the  inspired  air  by  the  firm  union  of  the  mucous  mem- 
brane of  the  septum  with  that  of  the  left  superior  turbinated 
body.  In  the  right  superior  meatus,  on  the  other  hand,  con- 
ditions were  more  favorable  for  the  proper  performance  of 
function.  It  is  here  that  Laura  must  have  smelled,  and  the 
questions  now  to  be  settled  are,  how  could  this  area  have 
been  rendered  incapable  of  performing  its  function,  and  how 
could  this  function  have  been  resumed. 

Catarrhal  inflamniation  of  the  nasal  mucous  membrane  is  the 
nsual  atrcompanimcnt  of  scarlet  fever,  except  in  the  mildest 
cases,  and  is  as80ciate<l  with  an  irritating  discharge  from  the 
nose  (Smith)  (••).  Theinflammatoryproccss  in  these  cases  does 
not  involve  more  than  the  epithelial  layers.  But  in  severe 
disease  the  deeper  tissues  of  the  mucous  membrane  are  af- 
fected. There  is  a  copious  proliferation  of  cells  in  the  deejjer 
layers,  with  fibrinous  infiltration  even  to  the  extent  of  com- 
pressing the  vessels  and  making  portions  of  the  tissue  gan- 
grenous (Henock)(*).  There  may  even  result  necrosis  of 
the  bones  (Thomas)(").  There  may  be  recovery  even  though 
the  disease  be  severe,  or  it  may  result  in  chronic  disease  with 
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more  or  less  profnse  dischargee  and  extensive  inflammatory  in- 
filti-ation,  or  there  may  be  an  oeteitiB  of  aU  the  bones  which 
enter  into  the  composition  of  the  naeal  cavities  (Allen)("). 
That  Laura's  nasal  mucous  membrane  was  profoundly  afiect- 
ed  by  the  fever  there  seems  no  doubt,  and  it  is  easy  to  conceive 
how  the  active  cell  prolifemtion  and  swelling  of  the  mucous 
membrane  caused  by  the  catarrhal  process  would  have  so  af- 
fected the  delicate  termination  of  the  olfactory  nerves  that  they 
would  be  entirely  incapable  of  functioning.  But  as  time  went 
on  we  know  her  catarrh  grew  better  and  we  rightfully  infer 
that  the  inflammatory  processes  in  the  mucous  membrane 
subsided,  to  an  extent,  though  they  never  entirely  ceaeed.  We 
have  seen  that  tlie  stmrturcs  of  the  nose  were  a  good  deal 
damaged,  yet  they  were  not  entirely  useless.  In  the  right 
superior  meatus  especially^  there  were  spots  of  membrane  in  a 
fairly  healthy  condition.  A  question  of  interest  here  presents 
itself — would  the  olfactory  nerves  after  so  long  a  period  of 
inactivity  preserve  their  power  of  responding  to  stimuliT  The 
following  ca-se  reporte<l  by  Allen  (")  proves  that  this  is  pos- 
sible. The  patient  was  a  married  woman.  She  had  never 
breathed  through  her  nose  and  had  never  erperienced  the 
perception  of  an  odor.  There  was  found  to  be  a  complete  bony 
occlusion  of  the  ]>osterior  nares.  This  was  broken  through 
and  on  the  sixth  day  after  the  operation  she  began  to  smell 
and  in  a  short  time  became  familiar  with  the  common  odors 
and  flavors.  The  oiloriferons  air  was  not  kept  from  Laura's 
olfactory  nerves  by  bony  obstruction,  but  it  was  kept  from 
them  by  what  acted  us  efficiently  for  a  long  time,  namely, 
masses  of  rapidly  proliferating  cells,  and  the  mucus  and 
d<^bris  of  a  diseased  mucous  membrane.  Wlien  this  process 
subsided  it  again  bocnnic  possible,  in  those  areas  where  the 
ephithelium  still  remained  Hufliciently  healthy,  as  it  did  in 
places,  for  the  terminal  fllaments  of  the  nerves  to  receive  and 
convey  their  proi>er  stimuli.  There  may  have  been  a  further 
cause  for  the  anosmia.  When  discussing  the  pathology  of 
the  olfactory  nerve,  we  alluded  to  Bosworth's  view  that  anos- 
mia was  due  in  some  cases  to  the  local  action  of  the  surround- 
ing inflammation  upon  the  nerve  itself.  As  I  understand  the 
matter  he  bases  this  view  solely  upon  clinical  experience,  and 
attempts  uo  explanation  of  the  tardy  return  of  the  sense  of 
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smell  after  the  subsidenoe  of  the  inflammation.  We  have  in 
our  sections  a  posnible  explanation  of  (his  peculiarity.  The 
connective  tissue  of  the  nerve  was  increaHetl  in  amount,  while 
the  nerve  tissue  proper  was  apparently  normal.  Interesting 
questioas  suggest  themselves  in  this  connection.  Does  the 
development  of  this  tissue  impair  the  functioning  power  of 
the  nerve,  and  does  a  ner\'e  so  affected  resume  its  normal 
activity  more  slowly  than  the  surrounding  tissuef  At  pretientt 
80  tar  as  I  know,  there  is  not  sufficient  anatomical  data  upon 
which  one  could  even  discuss  these  topics. 

Stmintart/. 
I.  The  ethmoid  bone  and  the  mucous  membrane  covering  it 
had  suffered  from  inflammatory  disease,  which  particularly 
affected  the  left  side.  2.  This  disease  resulted  in  an  excessive 
production  of  connective  tissue,  and  in  one  area,  the  left  su- 
perior meatus,  there  had  been  formed  a  flbrons  tumor.  The 
eijithelium  was  generally  and  considerably  diseased.  The 
nerves  contained  an  excess  of  connective  tissue,  but  were 
otherwise  normal.  3.  When  two  years  old,  Laura  had  scarlet 
fever,  which  left  her  anosmic  and  with  severe  nasal  catarrh. 
She  partially  recovered  from  both  these  conditions.  4.  The 
anosmia  was  due  to  the  occlusion  of  the  left  olfactory  area 
by  the  union  of  the  mucous  membi-aue  of  the  septum  with 
that  of  the  superior  turbinated  body,  and  also  to  the  action  of 
the  inflamed  mucous  membrane  upon  the  nerves  of  the  right 
olfactory  region.  Partial  recovery  resulted  from  subsidence 
of  this  inflammation. 

//. — TVic    Visual  Ajjparatuji. 

When  Laura  recovered  from  her  illness  it  appeared  that 
she  was  totally  blind  in  her  left  eye  but  could  see  somewhat 
with  the  right.  The  remnant  of  vision  in  her  right  eye  con- 
tinned  up  to  the  eigthth  year  of  her  life. 

From  that  time  on  she  was  absolutely  blind  in  Iwth  eyes. 

In  1878  Dr.  O.  F.  Wadsworth,  of  Boston,  tested  her  for 
vision  and  found  her  totally  blind  (')  and  at  the  same  time 
reported  on  the  appearance  of  the  eyes  as  follows  : 

"On  both  sides  the  lids  are  sunken,  partly  on  account  of 
lack  of  the  normal  amount  of  orbital  fatty  tissue,  partly  on 
account  of  the  small  size  of  the  eyeballs.  They  remain  con- 
stantly closed.     The  right  conjunctival  sac  in  much  smaller 
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than  normal,  somewhat  irregular,  and  presents  an  appearance 
such  as  is  seen  after  Hevere  and  long-coutiuuml  inflammation. 
The  right  eye  appears  at>out  one  half  the  normal  size.  It  is 
wboUy  enclosed  by  the  sclerotic,  except  over  a  space  at  the 
centre,  some  two  millimetres  in  diametcir,  where  a  less  opaqne 
tissne,  on  which  a  few  blood-vessels  are  visible,  represents 
the  altered  remnant  of  the  cornea.  The  left  conjuctival  sac 
is  somewhat  larger  than  the  right,  and  more  i-egnlar,  though 
still  small.  The  left  globe  also  is  a  little  larger  than  the 
right,  and  its  opaque  altered  cornea  is  some  four  millimetres 
in  horizontal  and  two  millimetres  in  vertical  diameter.  There 
^as  constant  irregular  oscillation  of  the  globes  [nystagmns] 
whenever  they  were  exposed  to  view  by  raising  the  lids,  and 
the  oscillation  evidently  continued  even  after  the  lids  were 
closed." 

At  the  antopsy  the  eyes  were  remove<l  with  the  surround- 
ing tissue  and  put  unopened  into  the  Miiller's  fluid  and 
alcohol.     The  hardening  was  completed  in  alcohol. 

Both  bulbs  were  enclosed  by  orbital  fat.  All  the  muscles 
the  of  bulbs  were  present,  though  small,  and  the  external  ap- 
pearance of  the  bulbs  corresponded  with  Dr.  Wadsworth's 
description  given  in  1878.  After  hardening,  the  right  eye 
had  a  transverse  diameter  of  J6  mm.  and  an  anteroposterior 
diameter  of  10.5  mm.  Bimilar  measurements  of  the  left  eye 
gave  17.5  and  11.  mm.  showing  the  left  to  be  decidedly  the 
larger.  '^The  comlition  of  i)hthi8iH  bulbi  existed  for  both  eyes. 
There  was  a  faint  indication  of  the  anterior  chamber.  The 
locality  of  lens  and  vitreons  contained  abundant  caleareona 
deposits  in  small  masses  and  the  choroidal  pigment  was 
▼ery  abundant.  Sections  through  the  point  of  entrance  of 
the  optic  nerve  showed  no  trace  of  the  retina  or  normal 
nervous  elements  at  this  point.  Both  eyes  were  similar  in 
the  appearance  just  mentioned.  As  has  been  stated  the 
optic  nerves  were  small : 

Right  optic  nerve,  are&  of  oro8»-seotloo  near  obU«mR,  B.OO  sq.  mm. 
Left       "         **         »•         *•  "  «  3.S8    "      " 

The  connective  tissue  was  vastly  Increased  in  both  ner%'e8 
but  one  also  saw  the  characteristic  cross  sections  of  axis- 
<sylinders  with  their  medullary  sheaths.     The  fibres  were  both 
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large  and  small.  It  is  worth  noting  that  these  fibres  were 
abnndant  in  the  left  nerve  bat  much  lesa  ao  in  the  right, 
althoagb  the  right  was  the  larger  nerve.  The  chiasma  was 
much  flattened  dorsoventrally.  The  optic  tracts  were  small 
and  flattened.  Their  area  was  taken  about  10.  mm.  behind 
the  chtaetma.  The  relations  of  size  were  of  coarse  reverseil 
at  this  point  and  the  left  tract  was  the  larger : 

Right  opttc  tract  near  chlasma,  3.13  Bq.  tnui. 

Left       "        *'       "         **  4.69    »'      *' 

Prom  these  measurements  the  only  conclnsion  that  can  be 
drawn  is  that  a  large  part  of  the  fibres  decussated.  In  the 
tracts,  which  were  not  very  well  hardened^  the  fibres  visible  in 
cross-section  of  the  corresponding  optic  nerves  were  also  to  be 
foand.  Throughout  the  nerves  and  tracts,  but  more  abnndant 
In  the  latter,  there  were  numerous  droplets  or  spherical 
homogeneous  masses^  as  a  rule  about  12  /'  in  diameter,  and 
staining  with  fnchsin  and  carmine.  Lying  at  the  periphery 
of  botii  nerves  and  tracts  these  bodies  would  appear  to  cor- 
respond with  corpora  amylacea,  with  some  of  the  descriptions 
of  which,  however,  they  do  not  exactly  agree.  Further  than 
the  tracts  it  was  not  practicable  to  carry  the  histological 
examination  of  the  optic  pathway. 

The  corpora  geniculata  externa  were  too  imperfect  for 
description.  The  pulvinar  and  the  anterior  pair  of  the 
corpoi-a  quadrigemiua  were  l>oth  slightly  less  prominent  than 
in  the  normal  brains.  The  cortex  was  the  next  locality 
studied  and  the  results  there  obtained  have  already  been 
given. 

The  first  point  calling  for  remark  is  that  the  eye  in  which 
vision  was  longest  retained  ultimately  ha*!  the  smaller  bulb 
and  at  the  same  time  it  was  associated  with  the  larger  optic 
nerve  and  tract.  The  nerve  and  tract,  however,  though 
larger  showed  fewer  nerve  fibres  that  were  clearly  marked. 
It  should  ][>crhaps  be  noticed  in  tliis  connection  that  this 
smaller  bulb  had  also  the  smaller  (right)  oculomotor  nerve 
in  connection  with  it. 

From  these  facts  it  wonld  appear  that  although  in  general 
the  right  eye  was  more  seriously  afiected  yet  some  portion  of 
the  retina  remained  undamaged  for  a  long  time — up  to  the 
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eif^hth  year.  During  this  period  the  optic  norve,  the  tract 
and  the  cortex  underwent  considerable  development  so  that 
the  subsequent  degeneration  of  the  right  nerve  was  accompa- 
nied by  far  less  atrophy  than  that  of  the  left  side.  On  the  left 
side  the  disturbance  in  the  eyeball  waa  in  general  less  severe 
and  though  vision  was  abolished  very  early,  there  was  left 
some  condition  which  favored  the  better  preservation  of  those 
nerve  fibres  which  did  not  at  an  early  period  undergo  degen- 
eration and  absor]>tiou.  I  had  expected  to  find  complete 
degeneration  of  both  optic  nerves  such  as  had  been  described 
by  Puitscher.  (") 

On  the  bases  of  these  specimens,  I  should  hai-dly  like  to 
enter  into  the  forms  of  degeneration  x>ossible  to  the  optic 
nerves  but  if  a  double  set  of  fibres  in  the  optic— the  two  seta 
developing  and  conducting  in  opposite  directions — be  accepted, 
then  the^e  nerves  found  intact  in  this  case  might  bo  con- 
sidered as  belonging  to  that  set  the  centre  for  which  waa 
central  and  which  conducted  peripherally,  v.  Monakow  ("'") 

In  this  instance  then  the  disturbance  in  the  cortex  is  prob- 
ably to  be  looked  upon  much   more  as  due  to  an  arrest  of 
growth  following  the  removal  of  the  normal  stimuli,  than  to  a 
continuation  of  the  degeneration  into  the  hemispheres. 
ITT. — The  Auditoiy  Apparatus. 

From  the  time  of  her  illness  to  her  death  there  is  good 
evidence  that  Laura  was  entirely  deaf.  At  the  same  time  she 
had  a  good  sense  of  direction  and  of  equilibrium  and  was 
sensitive  to  rotation.  Hall  (•).  The  equilibrium  and  auditory 
fnnctions  of  the  eighth  nerve  are  therefore  to  be  separated 
in  this  case. 

An  examination  of  the  ears  was  made  in  1878  by  Dr. 
Clarence  J.  Blake  who  reported  as  follows  :  (*) 

**Bot,h  external  ears  normal.  The  right  external  auditory 
canal  normal  in  size  and  contour,  and  the  skin  lining  the 
passage  healthy  and  showing  no  marks  of  previous  inflam- 
mation* pixicesses.  The  right  membi-ana  tympani  was  entirely 
destroyed  with  the  exception  of  a  narrow  rim,  the  remains  of 
the  inferior  and  posterior  portions  of  the  membrane,  from 
which  a  thin  cicatrical  tissue  extended  inward  to  the  promont- 
orinm  over  the  stapes  and  fenestra  rotunda.     The   malleus 
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and  incus  had  di«app(»rfMl.  The  niacons  membrane  of  the 
tympanic  cavity  presented  a  normal  appearanoe^  with  the 
exception  of  one  spot  on  the  promontorinm  covered  with  a  thin 
crust  of  dried  secretion  alxjut  two  millimetres  in  diameter.  A 
band  of  thin  cicatrical  tissue  also  extended  across  the  anterior 
portion  of  the  tympanic  cavity.  The  left  external  auditory 
canal  was  filled  with  dark  brownish  cerumen,  on  removal  of 
which  the  passage  was  found  to  ttirmiuate,  at  a  depth  of  two 
centimetres,  in  a  diaphragm  of  secondary  jjranulation-tissue, 
concave,  very  firm,  and  resisting  gentle  pressure  with  a 
probe,  except  at  the  central  or  thinner  portions,  where  it 
could  be  slightly  depressed.  Ite  outer  covering  was  continuous 
with  the  dermoid  lining  of  the  canal." 

After  death,  the  i>etrous  bones  were  put  in  Dr.  Blake's 
hands  and  the  report  on  them,  made  by  Or.  "W.  8.  Bryant,  of 
Boston,  is  the  following: 

The  Examination  of  Laura  Bridgman^s  Petrous  Bones* 
The  BtfftU  Petrous  Bone. 

A  deep  groove  for  the  superior  petrosal  sinns  is  seen.  The 
external  auditory  canal  is  terminated  by  a  concave  curtain  of 
fibrous  tissue  i-esting  on  the  promontory.  Thei-e  is  no 
evidence  left  of  the  former  position  of  membrana  tympani 
except  at  the  floor  of  the  canal,  where  there  is  a  alight  indica- 
tion of  the  sulcus  tympanicus.  The  tympanic  C4ivity  is  con- 
siderably constricted  by  hyperostoses.  The  oval  and  round 
windows  are  ossified  across  and  the  promontory  is  very  rough, 
leaving  only  a  small  space  inferiorly  and  posteriorly.  The 
inferior  anterior  wall  of  the  tympanum  is  very  thin  and  there 
are  two  pin-hole  perforations  into  the  carotid  canal. 

The  Eustachian  tube  is  impervioas;  its  tympanic  end 
being  closed  by  bone  and  just  beyond  this  there  is  an  accu- 
mulation of  cheesy  matter  also  enclosed  by  bone.  There  are 
no  air  spaces  within  the  tympanum  for  all  the  bone  cells  are 
filled  with  tissue,  although  in  the  highest  part  of  the  petrous 
bone  thei'e  is  a  cell  which  connects  with  the  tympanum.  There 
is  no  evidence  of  mastoid  cells  or  antmm.  (I  did  not  see  the 
mastoid  process). 

The  chorda  tympani  muscle  is  very  much  atrophied  and  its 
tendon   is    attached    to    cicatricial    tissue.     The    stapedius 
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was  very  mucli  atrophie<l  and  its  canal  narrowed.  The  tendon 
Btill  protrudes  from  the  tiibercle. 

Anteriorly  and  externally  the  osseous  wall  of  the  aqueduct 
of  Fnllopius  is  wanting.  No  trace  of  the  ossicles  could  be 
found.     The  inner  ear  api>ear8  normal. 

Dr.  H.  F.  Sears  kindly  examined  the  terminations  of  the 
auditory  nerve  and  orj;an  of  Corti  and  found  the  terminal 
ganglion  cells  intact. 

Th4  Lf/t  Petrow  Bont, 
The  jrroove  for  the  superior  petrosal  sinus  is  nnnsually 
deep.  A  diaphragm  of  dense  fibrous  tissue  especially  thick 
and  firm  ou  the  surface  and  concave  outwards  forms  the  end 
of  the  conical  external  auditory  meatus  8  mm.  external  to  the 
base  of  the  styloid  process. 

The  floor  of  the  osseous  meatus  is  defective  externally  and 
is  pierced  internally  and  anteriorly  by  a  foramen  1  mm.  in 
diameter,  in  the  fissure  of  Gla<*ier. 

External  to  the  fibrous  diaphragm  there  is  a  diaphragm 
formed  by  hyperoHtosis  of  the  walls  of  the  canal  which  ob- 
structs the  passage  except  near  the  centre  and  slightly  ex- 
ternal to  the  normal  position  of  the  membraua  tympanic 
where  there  is  an  opening  2x4  mm. 

The  hyperostosis  extends  into  the  tympanum  filling  the 
greater  part  of  it,  but  leaving  a  space  external  to  the  fenestne 
and  below  the  promontory,  also  a  considerable  space  in  the 
external  anterior  and  HujHTior  part  of  the  petrous  bone. 

There  are  no  air  spaces  between  the  place  of  closure  of  the 
meatus  and  the  pharyngeal  end  of  the  osseous  Gnstachian 
tube.  All  the  bone  cells  arc  filled  with  soft  tissue  and  the 
osseous  Eustachian  tul)e  is  not  seen.  No  remains  of  the 
membrana  tympaiil  could  be  found. 

Before  I  saw  the  speeiraen  the  tympanum  had  been  opened 
and  some  of  its  contents  taken  out ;  all  of  this  was  lost  except 
the  head  and  neck  of  the  malleus  with  the  base  of  the  long 
process,  all  enclosed  in  fibrons  tissue. 

The  relations  of  the  fenestra  ovalis  and  the  attachment  of 
the  tensor  tympani  muscle  had  also  l»een  destroyed.  The 
chonla  tympani  nerve  was  found  intiict.  The  tendon  of  the 
stapedius  muscle  was  protruding  from  its  tubercJe. 
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The  a^^aeduct  of  Pallopins  and  its  contents  are  intact.  The 
round  window  is  closed  by  dense  fibrous  tissue.  Both  the 
round  and  oval  windows  &re  small,  le-ss  than  one-half  of 
normal  size. 

Dr.  H.  F.  Sears  kindly  examined  the  nerves  and  mnscles 
and  found  the  tensor  tympani  considerably  and  the  stapedius 
slightly  atrophied.  He  also  found  numerous  ganglion  cella 
in  the  cochlea. 

The  original  report  of  Dr.  Bryant  ends  here.  Tn  answer  to 
a  further  question,  however,  he  states  that  nothing  patholog- 
ical could  be  definitely  made  oat  in  either  the  cochleas  or 
semi-circular  canals.  As  the  original  preservation  of  the 
specimens  had  lieen  in  Miiller's  fluid  only,  they  were  not  in 
the  best  condition  for  a  fine  histological  examination. 

As  the  case  stands  the  inflammation  of  the  middle  ear  Is 
the  occasion  of  the  deafness.  The  authorities  on  the  subject 
state  that  absolnte  deafness  does  not  follow  disease  of  the 
middle  ear  alone.  So  that  there  is  something  here  to  be  ex- 
plaiuetl.  I  consider  that  the  cochlea  must  have  been  thrown 
out  of  function  on  both  sides  since  the  tuning  fork  placed  on 
the  skull  gave  no  auditory  sensations — and  this,  to  my  mind, 
outbalances  tlie  negative  result  of  the  histological  examina- 
tion. 

The  auditory  nerves  were  studied  only  by  means  of  the 
stumps  attached  to  the  medulla ;  the  right  auditory  had  an  area 
of  4.26  sq.  mm.  in  cross  section.  The  left  of  3.17  sq.  mm. 
Both  samples  were  taken  within  about  3  mm.  of  their  attach- 
ment to  the  medulla.  (For  the  method  see  the  article  in  this 
same  number  on  '*  The  size  of  several  cranial  nerves  in  man  as 
indicated  by  their  cross-section.")  Roughly  their  area  was 
about  two  thirds  of  that  of  the  similar  nerves  from  the  brain 
of  a  normal  male  in  whom  the  cranial  ner\-e8  were  all  very 
large.  There  is  no  reason  then  to  think  that  in  Laura  the 
nerves  were  remarkably  small.  The  figure  for  the  area  of  the 
larger,  right  nerve,  is  somewhat  too  high  owing  to  the 
obliquity  of  section  and  some  distortion,  so  that  they  were 
really  more  nearly  equal  than  these  figures*  would  indicate. 

The  connective  tissue  in  the  nerve  trunks  is  normal.     The 


serve  fibre  show  veU  marked  sheaths  and  axis  cylinders. 
If  degeneration  has  occurred  in  these  nerves  the  indications  of 
it  have  long  since  disappeared.  The  nerve  fibres  found  would 
be  designated  as  normal.  The  bundles  of  lni>?er  fibres, 
presumptively  connected  with  the  semi -circular  canals,  contain 
particularly  well  preserved  fibres. 

In  the  medulla  both  roots  and  all  three  nuclei  can  be  clearly 
identified  on  both  sides. 

The  fibres  in  the  medulla  stain  by  Weigert's  method  and  the 
cells  with  carmine,  as  well  as  could  be  cx]>cct'ed  from  the  con- 
dition of  the  specimen.  If  there  is  any  abnormality  it  is  that 
the  auditory  fibres  do  not  take  the  Weigert's  stain  particularly 
well  and  that  the  cells  of  the  accessory  nucleus  in  the  medulla 
are  few  and  poorly  developed.  The  striae  acusticae  were 
well  develope*!  and  on  gross  examination — when  the  floor  of 
the  fourth  ventricle  was  viewed  from  above — there  were 
visible  two  bundles  on  the  right  side  and  three  on  the  left 
which  could  be  counted  as  belonp^inp^  to  the  striae,  while  just 
cephalad  to  these  was  a  well  marked  bundle  on  each  side  of 
the  middle  line,  corresponding  with  the  structure  described  as 
the  rondiicfor  stmoniM  (Klangstab)  and  supposed  to  form  part 
of  the  centripetal  pathway  for  the  auditory  impulses. 

On  comparison  with  a  number  of  normal  specimens  the 
caudal  pair  of  the  quadn'gemina  exhibited  no  marked  pecul- 
iarity. They  were  small,  but  no  smaller  than  in  the  case  of 
some  normals.  The  corpora  genicutata  Interna  did  not  appear 
small  in  Laura  ujion  gross  examination  but  this  appearance  I 
am  inclined  to  attribute  to  the  failure  of  the  surrounding 
regions  to  fully  develop,  thus  causing  the  corp.  gen.  int.  to 
stand  out  with  unusual  clearness. 

The  next  point  examined  in  the  auditory  pathway  was  the 
oerebral  cortex  and  the  results  there  found  have  already  been 
statecl. 

I  wish  to  add  in  this  place  that  in  the  description  of  the 
surface  of  the  brain  previously  given  I  was  not  willing  to  admit 
any  superficial  abnormality  in  the  region  of  the  first  r.emporal 
gyms  at  its  caudal  end.  tSinc<*  writing  that  description  I  have 
made  further  comparisons  with  normal  brains  and  have  ob- 
tained evidence  of  lack  of  development  in  the  cortex  of  this 
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region  in  the  case  of  Laura.  At  present  then  I  look  on  the 
slenderness  of  this  gyrua,  especially  on  the  right  side,  where 
the  cortex  is  most  affe<!teil,  as  an  expression  of  the  in- 
comjjlete  development  of  the  region.  Mills  (**••"),  Starr  ("), 
Manonvrier  ("). 

At  first  Bight  the  small  distnrbance — to  the  naked  eye  at 
least — existing  between  the  middle  ear  and  the  cortex  is 
striking.  Histological  investigation  up  to  the  centres  in  the 
medulla  yields  a  similar  negative  result.  Between  the  me- 
dulla and  cortex  the  condition  of  the  specimen  did  not  warrant 
a  histological  study. 

In  the  scattered  literature  rt^lating  to  the  examination  of  the 
ear  and  brain  in  deaf-mutes,  a  condition  where  there  is  Utile 
or  no  apparent  abnormality  of  the  inner  ear,  the  auditory 
nerve  or  the  medulla^  associated  with  disease  of  tlie  middle 
ear,  deafness  and  (sometimes)  atrophy  of  the  cortical  auditory 
centres,  is  occasionally  described  :  Bremer  (•),  Larsen  & 
Mygind  C™),  Moos  ("),  Mygind  ("),  Obersteiner  (™),  Moos 
and  Steinbriiggo  ("•"■™).  I  believe  that  in  future  cases,  like 
that  of  Laura,  a  more  detailed  examination  than  it  was  possible 
to  make  in  her  case  will  show  disease  of  the  membraneoas 
cochlea  or  the  nerves  between  it  and  the  spiral  ganglion  of 
the  cochlea.  Snchacasehas  been  reported  by  Moos  and  Stein- 
briigge  C)- 

As  long,  of  course,  as  the  cells  of  the  spii-al  ganglion  are 
intact,  just  so  long  will  the  auditory  fibres  associated  with 
them — and  this  must  represent  a  very  large  portion  of  the 
cochlear  division  of  the  auditory — remain  morphologically  in- 
tact. Following  the  pathway  to  the  cortex  we  find  no  point 
at  which  markwl  changes  occur  until  we  roach  the  cortex  it- 
self. The  disturbance  here  is  most  prolwibly  due  to  the  early 
and  long  continued  lack  of  normal  excitation,  for  the  cortical 
cells  in  the  sensory  areas  are  peculiarly  dei)endent  for  their 
proper  development  on  the  special  sense  with  which  they  are 
associated. 

The  evidence  from  stimulation  of  the  cortex  and  from  the 
histology  of  the  medulla  goes  to  show  that  the  association  be- 
tween the  auditory  nerve  and  the  cortical  centre  for  hearing  is 
to  some  extent  at  least,  a  crossed  one.     If  this  were  so.  then 


the  Bmaller,  left  nerve,  would  associate  itself  with  the  thinner, 
right  cortex.  This  relation  exists  in  the  case  of  Laura,  but  it 
retnains  for  farther  investigatiou  to  show  its  significance. 
StrUmpell  ("). 

As  regards  the  semicircular  canals  it  may  be  added  that  they 
were  not  fonnd  diseased.  Their  nerve  was  in  good  con- 
dition, and  sensibility  to  rotation,  sense  of  direction,  etc., 
were  present.  Of  course  the  relation  of  this  part  of  the  inner 
ear  to  the  middle  ear  is  less  intimate  than  that  of  the  cochlea, 
and  this  in  part  may  account  for  the  normal  preservation  of 
the  camils.  That  both  portions  of  the  labyrinth  need  not  be 
conjointly  affected  is  shown  by  James  ("),  in  his  study  of 
the  sense  of  dizziness  in  deaf-mutes,  where  this  sense  was 
found  totally  lacking  in  only  186  out  of  the  619  cases  examined. 
/F. — The  Cranial  Nei'ves. 

It  is  desirable  to  bring  together  the  various  facts  regarding 
the  cranial  nerves  in  Laura's  case.  After  what  has  been  said 
in  the  foregoing  pages,  and  the  discussion  of  their  area  by  Sir. 
Bolton  and  myself  (^*^»'»),  this  can  l)e  briefly  done.  Table  XI. 
gives  the  various  points  in  a  condenseti  form. 

Table  XI. 

CoirDTTlo?r,  Sue 

Somewhat  atronhlad  Small 

Greatly  atrophied       Very  small 

(*  II  tt        .( 

Normal  Laree 

it  »i 

Somewhat  atrophied  Small 

The  sixth  nerve—abducens — contained  only  normal  fibres 
and  appeared  healthy,  but  the  measurements  on  the  two  sides 
were  so  different  that  I  suspect  some  strands  were  lost,  and 
hence  do  not  give  the  figures  for  the  area. 

The  only  nerve  in  the  Table  which  has  not  been  discussed 
is  the  olfactory.  Tlie  bulb  was  flattened  and  the  glomeruli 
could  not  l>e  identified.  The  ganglion  cell  layer  was  there, 
and  contained  some  well  formed  cells.  The  other  layers  were 
poorly  preserved.  The  vessel  walls  were  thickene<I.  There 
was  some  excess  of  connective  tissue  and  an  abundance  of 


Ammxtti 

Kbkvs. 

M).  lac. 

I. 

Olfactory,  bulb 

right 

0.34 

*( 

"         tract 

.right 

1.46 

it 

Optic  nerre, 

right 
left 

5.00 
3.38 

11 

"      tract, 

right 
left 

3.13 

It 

11                u 

4.60 

lil. 

Ocalomotor, 

right 
left 

3.17 

»» 

li 

3.51 

VIU. 

Aadttory, 

right 
left 

4.26 

»t 

il 

3.17 
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hyaline  bodies — corpora  amylaoea(f).  Distinctly  dogener- 
ated  tibres  could  not  l>e  made  out  in  the  tract,  but  the  vessels^ 
connective  tissue,  cori>ora  amylacea,  were  found  as  in  the 
bulb.  Grossly  the  left  tract  and  bulbs  were  like  the  ri^ht. 
but  by  accident  the  former  was  lost  before  it  bad  been  exam- 
ined histologically. 

Whether  there  was  anytlilng  peculiar  in  the  glossopharyngeal 
fibres  I  am  unable  to  say.  The  portion  within  the  mednUa 
was  normal. 

The  medulla  which  was  examined  from  the  level  of  the 
pyramid  to  the  middle  of  the  pons,  by  means  of  sections, 
showed  no  abnormality  save  in  the  neighborhood  of  the  acces- 
sory nucleus  of  the  auditory  nen'e,  where  the  cells  appeared 
email,  reduced  in  numbers  and  highly  pigmented. 

The  pia  of  the  hemispheres  had  a  normal  almndanoe  of  nu- 
clei in  it,  even  over  the  occipital  region — and  the  blood  vessels 
were  normal  in  sixe  and  thickness  of  their  walls.  The  cete- 
bellom  was  also  normal. 

V. —  Condition, 

From  these  fragmentary  observations,  which  leave  so  many 
pointft  connected  with  this  special  case  still  undecided,  it  will 
be  advantageous  to  construct  some  sort  of  general  picture. 

The  anatomical  condition  was  that  of  a  normal  brain  in 
which  the  olfactorj'  bulbs  and  nerves,  the  optic  nerves,  the 
auditory  nerves,  and  jK)88ibIy  the  glossopharyngeal,  had  all 
been  more  or  less  desti-oyed  at  their  i)eripheral  ends.  This 
destruction  caused  a  degeneration — most  marked  in  the  optic 
nen'es — which  extended  towards  the  centres  and  involved 
them  indirectly.  This  condition  has  left  its  mark  more  or 
less  plainly  on  tlie  whole  br<iin,  as  indicated  by  the  extent 
and  thickuess  of  the  cerebral  cortex,  and  specially  by  the 
cortex  connected  with  these  deficient  sensory  nerves.  The 
physiological  effect  of  the  peripheral  lesions,  as  I  conceive  it, 
was  to  retard  growth  in  the  centres,  cortical  and  subcortical, 
which  were  thus  involved,  and  also  to  interfere  with,  if  not 
entirely  prevent,  the  formation  of  the  association  tracts. 

To  be  sure  this  case  represents  a  maxinmm  loss  in  these  de- 
fective senses  with  a  minimum  amount  of  central  disturbance, 
thus  offering  the  very  best  sort  of  opportunity  for  education 
by  way  of  the  surviving  senses.     At  the  same  time,  we  must 
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imagine  the  hemispheres  to  have  l)een  traversed  in  every  di- 
rection by  partly  or  completely  closed  pathways.  The  brain 
vas  simpler  than  that  of  a  normal  i>erson,  and  Laura  was 
shut  off  from  those  cross-references  between  her  several 
senses,  which  usually  so  facilitate  tlic  acquisition  of  informa- 
tion and  the  process  of  thought.  Mental  aHsociation  was  for 
her  limited  to  various  phases  of  the  dermal  sensations  and  the 
minor  and  imi)erfect  senses  of  taste  and  smell.  Yet  from 
their  fundamental  and  prot^'an  character,  the  dermal  senses 
are  perhaps  the  only  ones  on  which  alone  the  intellect  could 
have  lived.  We  are  thus  brought  back  to  Sanford*s  (')  con- 
clusion as  derived  from  the  study  of  her  writings.  **She  was 
eccentric,  not  defective.  She  lacked  certain  data  of  thought, 
but  not,  in  a  very  marked  way,  the  power  to  use  what  data 
she  had." 

One  word  more  upon  the  cortex.  The  deficiency  in  the 
motor  speech  centre  is  mainly  macroscopic,  as  far  as  the  third 
frontal  gyrus  is  concerned.  The  motor  centre  there  had  lost 
some,  but  not  all  ite  associative  connections.  Histologically, 
it  was  slightly  deficient.  The  lesion  thei*o  was  so  different  from 
that  of  the  sensory  centres  that  a  histological  difference 
ought  not,  perhaps,  to  be  surprising.  The  cortex  of  the  sen- 
sory centres  was  not  sunken  below  the  surrounding  level, 
tliough  the  gyri  were  slender  and  flattened.  Possibly  in  this 
sinking  in  a  motor  area  and  the  absence  of  the  same  in  the 
sensory  areas,  we  have  a  suggestive  difference  in  the  reactions 
of  the  several  portions  of  the  cortex. 

Finally,  the  deficiency  was  not  so  very  great  even  in  tliose 
areas,  where  it  was  most  marked,  and  the  question  arises  as 
to  what  sort  of  occupation  the  cells  in  those  ai^aa  had,  which 
would  thus  justify  their  prolonginl  existence.  If  Uiey  were 
thrown  eutii-ely  out  of  function  it  is  not  easy  to  see  how  they 
could  last  so  well  for  nearly  sixty  years.  In  some  way  then 
th**y  may  have  taken  a  slight  part  in  the  cerebral  activity,  but 
it  was  so  slight  that  their  sp4^cific  reactions  did  not  rise  into 
consciousness,  for  though  Laura  had  some  light  perception 
tip  to  her  eighth  year,  she  apparently  had  no  visual  memories, 
whereas  those  who  have  retained  full  vision  up  to  four  and 
a  half  or  five  years  of  age  and  then  become  blind,  do  usually 
remember  in  terms  of  sight  (•). 
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COBBIOENDA.      I.    ARTIOI-E. 

Page  304.  The  percentage  Increase  in  volume  Is  certainly  too  larf^e. 
It  should  be  one  or  two  per  cent,  letjs  than  (hut  for  weight. 

Page  306.  Line  8.  All  the  epecimens  mentioned  In  this  paragraph 
except  the  Brldgraan«  are  supposed  to  luive  been  weighed  with  the  pia 
on.  To  make  this  specimen  comparable  then  Its  weight  must  be  in- 
creased by  the  weight  of  the  pla^  ;J1.4  grnis.  This  makes  the  total 
weight  of  the  Bridgman  eocephalon,  witli  pla,  ia.'{5.4  grms. 

Page  313,  Line  13.  Toplnard's  Table  (I^U'Sraents  d'Anthropologlo 
generale,  Paris,  ISS.")}  In  hia  Anthropology,  p.  518  shows  the  relations 
between  brain  weight  and  age.  It  la  based  od  1913  cases  of  Boyd,  and 
according  to  It  the  maximum  encephalic  weight  for  femsles.  falls  be- 
tween the  ages  of  30-30  years;  that  for  males  l)Ctwecn  3040  years; 
This  Indicates  brain  growth  up  to  the  ago  of  maximum  weight,  there- 
fore beyond  the  twentv-flfth  year. 

Page  32-1.  Table,  ^'he  first  series  of  weights  stands  under  the  head- 
ing '*  Weight  of  cerebral  ht-mlspberei),  IreRh."  The  question  arises 
whether  "  cerebral  hemisphere  "  should  not  be  replaced  by  "^eucephala." 
1  have  not  seen  any  account  of  how  much  of  the  CDccpbalon  was  osed 
In  determining  the  fre«^h  weights  in  this  series,  but,  since  these  brains 
were  directly  compared  wlUi  those  of  other  observers  in  which  the 
entire  encephalon  had  been  weighed.  It  is  only  fair  to  suppose  that  they 
had  been  treated  Id  the  same  way.  'HiU  was  mv  opinion  until  I  found 
a  table  lu  K.  Wuguer'st")  Vorstudlen,  ate  Abhantlluug,  1862.  P.  91,  In 
which  the  weights  ot  the  two  '^  hemispheres,''  of  at  least  three  of  these 
brains  In  the  table,  are  compared  with  one  another.  Thespeclmcna  bad 
been  in  alcohol  the  strength  of  which  is  not  given.  Now  the  sum  of  che 
weights  of  the  two  *'  hemtspheres  "  is  nearly  equal  to  or  more  than  the 
weight  of  the  "brains"  given  by  H.  Wagner  (•*)  18G4.  I  therefore 
usea  the  word  **  hemisphere  "  In  tlie  above  heading  aa  equivalent  to  hemi- 
erebmm.  It  would  appear  that  both  the  Wagners  u»ed  It  as  equal  to 
hemiencephalon.  In  the  above  mentioned  table  then  the  weights  given 
are  these  for  the  entire  encephalon  and  not  for  the  cerebrum  only. 

139S.4  »q.  mm. 
1698.4   *'       " 
1-8% 
1-9% 

101256.0  sq.    mm. 

101355.2   **       '* 

2309.6  *'        " 

2308.7  "        " 


Page  328.    Table  1.         For  absolute  difference, 
Bead      "  " 

For    In  percentage, 
Read  •' 

Page  334.    Table  VIU.  For  toUl  (left), 
Bead  '» 

For  absolute  difference. 
Mead     "  " 


Ex|)lHnHtion  of  Pluto  ITI.  This  p!atc  showB  the  tocatities 
on  the  hfiaiKi>ln'roK  fi-oiii  which  the  fiampl*»s  of  cort<'x  were 
takc'n.  For  thi*  pliysioloi^ical  valm*  of  these  localities  Table 
III  niav  Ih'  eonsult,ed. 


Explanation  of  PlaR*  IV.     The  curvf  was  oripnnlly  plotted 

KO  that  tU«  thicknesK  of  thu  cortex  uan  nia^uified  100  times, 

i.  B.,  .01  mm.  of  eorlex  coiTes]>ondcd  to  1.  mm.   on  the  ordi- 

nales.     Th«'  original  has  bi'cu  rwlueed  for  printing;  to   some 

what  less  than  six-tenths  of   itn  lineni*  He4ile.     The  liguren 

placed  by  the  ordinates  indicate  the  thickness  of  eortA<x.     The 

Biimmit,s  of  the  curves  are  alone  represented,   there   being 

1..S  mm.  of  cortex  below  what  is  shown.     The  figures  for  the 

localities  cross  the  plate  in  a  horizontal  line,  with  the  important 

designations  below  them. 

Tl»e  curve  far  alt  control*  1«  In  a  nolld  line,  

The  curve  tor  T..  B.,  right  heuilsphcro,  \n  in  long  uad  short  doshcii,  - 

The  curve  for  L  15..  left  heinispbere,  ji  {n  short  dashes, 
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I.— NERVOUS  SYSTEM. 

Ueber  das  Verh&Untsa  der  experimcnt^llen  Atrophlt  und  Degenerationa- 
Methode  tur  Atiatomie  und  Histoloffie  df»  Central ntrrfn  ay Aeni$.  Ur- 
Bprang  IX,  X,  und  XII  IliruDerven.  Dr.Auu.  Pokkl  unter  Mltwliv 
kiinR  von  Dr.  Matser  und  Dr.  Oanser.    MU  elncr  Tafel.    Sei*a- 

RAT-ABDKfCK   AU8  I».  FESTSCHRIFT   UES   FtiNKZIUJAlIRIGKN.      D*H>- 

tor  JuBiLAUM  der  Ilerm  Prof.  Dr.  Kaul  Wiluelm  too  NaOkli  Iq 

Milnchen  and    GcbeimraCh    Prof.   Dr.   Albert  vod  KOlukeb  In 

WlirzburR.   ZUrich,  1889. 

This  p«per  explicitly  contnlDs  notbiof?  dgw.    In  hU  clear  aud  emphatic 

way  Forel  seta  forth  the  value  of  the  method  of  ezperimeDtal  atrophy 

aDii  degeneratiou,  and  shows  the  utter  impotence  of  the  view  that  a  m>- 

cuDed  auutomical  problem  Ib  to  be  dealt  with  by  means  of  tradllloDal 

anatomical  methods.    Any  method,  or  better,  every  method  which  U 

applicable  must  be  employwl,  and  only  resulta  which  are  obtainable  by 

several  methods  have  a  ri^ht  to  be  rei;arded  as  well  e»tabli8hed.    The 

method  of  degonor.'itlon  Ifi  illustrated  by  what  it  has  contributed  to  oar 

knowledf^e  of  the  medullHry  ceutr^B  of  IX,  X  and  XII  nerves.    To  those 

who  wisb  to  huow  what  the  method  of  v.  Uudden  la  aud  can  do,  and  to 

those  who  are  aweary  with  the  much  reading  of  gapleaa  anatomy,  this 

paper  wlU  bo  a  delight. 

CcrebrQl  Localization.  David  Perricr,  H.  D.  Croonlan  lecture* — Lso- 
C«t.    June  7,  14,  21,38,  Julys,  12.    1890. 

To  these  six  lectures  the  author  goe?  over  the  entire  subject,  laying 
special  stress  on  the  centres  in  man.  For  these  lectures  some  new  ex- 
perimeots  hAve  been  specially  made,  and  these  are  of  particular  Interest 
zrom  the  bearing  they  have  on  Ferrler's  own  views. 

The  flr»t  lecture  opens  witli  an  account  of  the  comparative  physiology 
of  the  cercbnil  hemispheres,  In  which  the  author  draws  largely  on  tne 
work  of  Steiner,  .Sehradpr,  Goltz  and  others.  The  reactions  of  the 
shark,  bony-llsh,  frog,  bird  (pigeon),  and  mammals  (rabbit  and  dog), 
are  described,  after  more  or  lesA  complete  removal  of  the  cerebral  hem- 
ispheres. Following  this  is  a  brief  historical  account  of  the  work  on 
locaUsatton,  In  which  Perrier  poiotft  out  the  uoeatl!<factory  nature  of  the 
evidence  for  absolute  and  relative  centres,  as  advocated  by  Exner,  gives 
Be«vor'e  figure  for  the  relations  of  the  flbre-bundles  In  the  Internal  cap- 
sale— <8  derived  from  recent  experiments  on  direct  stimulation  in  that 
locality — and  passes  to  the  arguments  in  favor  of  the  direct  excitability 
of  tlie  cortical  cells— the  best  of  which  are  the  tetftnlc  response  to  slnsle 
stimuli,  and  the  longer  time  taken  for  reaction  when  the  cortical  cella 
are  present. 

The  second  lecture  deals  with  the  results  of  electrical  stimulation  ol 
the  cortex— mainly  In  monkeys— and  diagrams  of  the  localisations  of 
Beevor  and  Horsley  and  others  are  given.  Sch&fer  has  reported  movo- 
meots  of  the  eyes  in  monkeys  which  stand  In  a  H  «  nOatton  to  the 
vortlon  of  the  occipital  lobes  stimulated.  -  veneral 

not,  but  stUI  contends  that  more  proci-  i  from 

the  stimulation  of  the  angular  gyraa  be 
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resalts  of  sttmalatlon  of  the  cortex  In  mao,  tbe  aatbor  alladea  to  the 
compleU?ne88  with  whu'h  centres  niaj*  be  separated.  HU  poslctoa  lia4 
been  tbat  of  a  compete  separatloD,  and  althoagh  he  does  not  abandon 
UUs  view  now,  he  Qevertbeless  arf^Qes  for  the  sre^t  difficulty  of  demoa- 
■tratlng  It.  la  cousideriiif;  the  visual  centre,  Ferrter  itees  lu  the  experi- 
ments of  SebAfer  ju^t  mpniioned  and  those  on  the  hitcnt  period  of  exci- 
tation for  tbU  region  a  couflrmutlon  of  hU  view  that  the  motor  reac- 
tions here  obtaiowl  are  reflexes  from  seneorf  stimulation.  The  evidence 
Ib  by  uo  means  conviueing.  'J'he  viflOAl  area  Is  the  occlplCo-angular  re- 
gion. The  relative  valuc»  of  the  angalar  and  occipital  regions  are  by  no 
means  ea^y  to  determine,  but  Ferrter  fj^nts  more  siKiiiflcance  to  tbe 
occipital  region  than  on  previous  ocoislons.  It  appears  that  lojury  to 
the  occipital  lobes  canaes  crossed  bemiopta,  while  injury  to  the  angular 
gyru3  produces  blindness  or  ambl\  opia  of  tbe  opposite  eye.  Destruction 
of  both  tbe  angular  gyms  and  the  occipital  lobes  U  tbe  ouly  lesion 
which  gives  a  ]»ermanent  result,  brown  and  SchilferV  further  irivei:>tiga- 
tions  would  appear  to  show  iliat  removal  of  the  occipital  lobe?  alooo 
1b  capable  of  producing  a  complete  and  permanent  blindness.  Ferrler 
would  explain  thit*  result  by  lucldentJil  injury  to  the  angular  gyri.  For 
Ferrler  the  angular  gyrus  is  tbe  centre  for  central  vision.  As  agalast 
Uuok,  he  points  out  Chat  no  sensory  disturbance — save  tbe  vtiaa)  one — 
foltowD  Il»  removal,  and  that  the  gyrus  has  some  slight  connection  with 
the  eye  of  the  same  side.  On  reviewing  the  clinical  evldeoce  bearing  on 
the  visual  centre,  Ferrler  does  not  find  !t  to  support  tbe  views  of 
Seguln  and  Xothnagel — that  the  cuoeug  Is  the  taof-t  Important  region 
In  man,  but  would  explain  the  connection  between  lesions  of  the  cuneos 
and  disturbances  of  vision  by  Injury  to  tbe  optic  radiation  thus  brought 
about.  In  the  discussions  of  the  visual  centres  in  the  lower  vertebrates 
Ferrler  introduces  an  interesting  experiment  lo  which  the  physiological 
proof  for  partial  decussation  of  the  optic  fibres  lu  the  owl  Is  strong, 
though  it  has  not  yet  been  anatomically  demonstrated. 

In  the  fourth  lecture  he  takes  up  the  auditory  centre.  Prom  his  pre- 
vious, as  well  as  from  fresh  experiments  to  dotcrmloe  the  centre  for  this 
seDMt  Ferrler  couoludes  that  the  caudal  portion  of  the  superior  temporal 
gyrus  Is  the  centre.  Clinical  evidence  supports  this  view,  but  SchSfer 
opposes  it  on  experimental  grounds.  At  preaent  the  results  appear  Im- 
concUable.  In  dlncuBslng  the  location  of  this  centre  In  dogs^where  It 
occupies  not  the  lirst  but  the  second  temporal  gyrus— Ferrler  takes  occa- 
^on  to  eaggest  that  what  appears  to  be  the  flr^t  temporal  gyrus  lu  this 
animal  Is  really  the  homolog  of  the  Insula  in  the  higher  forms.  If  this 
view  he  correct,  then  the  position  of  the  auditory  centre  la  homologoiu 
in  the  primates  and  cHrnivoni. 

The  centres  for  tactile  senilblllty  are  next  dlacusBed.  As  an  iotrodao- 
tion,  the  views  concerning  the  paths  in  the  spinal  cord  and  some  new 
experiments  on  monkeys  arc  given,  but  all  without  eetabllshing  any 
positive  conclusion.  Ferrier's  ow^n  observations  on  Che  disturbances  of 
tactile  sensibility  after  Interference  with  the  hippocampal  gyrus  and 
those  of  Horeley  and  SchAfer  on  similar  disturbance  from  destruction  of 
the  gyros  fomlcutus,  are  described  lu  the  opening,  of  the  fifth  lecture, 
and  ne  concludes  that  In  the  limbic  lobe  we  have  the  centre  for  cata- 
neous  sensibility.  Thus  far  no  evidence  has  beea  given  for  subdivisions 
of  this  centre,  but  It  would  appear  that  In  each  hemisphere  It  U  con- 
nected with  both  sides  of  the  body,  though  maialy  with  the  opposite 
side. 

For  the  olfactory  and  gustatory  centres,  both  experimental  and  oUnl- 
oal  evidence  la  scanty  and  the  former  contradictory.  Kelylng  mainly  on 
bis  own  experiments  and  the  suggestions  of  comparatlveanatomy,  Fer- 
rler malDtalos  that  these  uentres  sre  In  hippocampal  lobale  and  the  tip 
of  the  temporal  lobe. 
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In  the  sixth  and  lait  lecture  the  btlateral  connections  of  ocrtftin  oorU* 
-cal  centres — such  aa  those  for  the  trunk— are  dUenssed.  It  would  ap- 
pear that  there  1b  never  any  recovery  of  function  due  to  the  asAumptlon 
of  new  functions  by  other  parts  of  the  cortex,  but  that  the  apparent 
refitUutluu  depends  uUim&tely  on  this  bilateral  coDuecllon.  It  would 
further  appear  that  the  assocUted  movements  of  limbs  on  oppoalto  sidfta 
of  the  body  are  due  to  similar  anatomical  connections.  The  complete 
Beparateness  of  the  motor  areas  and  tho*ti  for  the  dermal  acnitOA  i»  mala- 
tafned  on  the  ground  of  both  experimental  and  clinical  evidence.  The 
motor  character  of  the  cortical  motor  C'^otres  aud  theJr  dependence  on 
the  sarronndlnf;  senaory  oentrea  is  emphasized.  Of  the  function  of  that 
portion  of  the  hemispheres  lying  In  from  of  thi*  priirx>entrHt  nulcu^  little 
can  be  said,  save  that  It  Ih  connected  with  fibres  in  the  anterior  portion  of 
the  internal  capsule  which  degenerate  downwards  on  its  removal;  that 
it  passes  over  Into  the  centres  for  the  movements  of  the  head  aud  eyes, 
and  that  when  It  is  removed  both  men  and  anlmalB  show  some  Impair- 
ment of  intelligence. 

The  Bo-called  Motor  Area  of  ttu   Cortex.    Edwabd  B.  Lane,  M.  D. 

»  American  Journal  of  Insanity.  April,  1691. 
The  author  examines  some  of  the  evidence  for  the  motor  character  of 
-certain  regions  of  Che  cortex.  In  pursuing  this  ho  discusses  the  muscle 
aense^  aphasia  In  Its  various  forma,  and  the  very  interesting  cases  of 
'*motor  nalluciDatloos*' described  by  Tamburlol  and  Scglas.  In  theso 
cases  the  pntlent  detected  the  words  which  are  spoken  to  them,  or  better 
through  them,  or  which  they  are  forced  to  speak  ( I)  not  through  an  au- 
ditory sensation,  but  by  means  of  the  ''movements  of  their  own  tongue," 
to  employ  their  expression.  In  the  case  of  Tamburlnl  the  tongue  could 
be  seen  to  move  at  the  tip,  but  when  held  motionless  C?)  the  halluclDa^ 
tlons  BtUI  occurred.  Further,  while  the  patient  is  pronouncing  one 
group  of  words  she  feels  at  the  same  time  others  forndng  In  her  mouth. 
The  author  concludes  strongly  In  favor  of  the  sensory  nature  of  the  so- 
called  motor  cortex. 

in  criticism  of  this  general  view  a  little  anatomy  will  assist  us. 
(Supposing  that  motor  cells^  or  those  giving  rise  to  efferent  impulses, 
exist  predominantly  In  the  motor  regions,  they  must  be  started  Into  ac- 
tion by  impulses  from  the  periphery— I.  e.,  sensory  Impulses.  One 
question  Is  then  whether  these  sensory  Impulseu  reaching  the  motor  cor- 
tex by  sensory  fibres  there  find  sensory,  or  better  central,  cells  with 
which  Ihey  connect  and  by  way  of  which  they  act  on  the  motor  cells, 
or  whether  the  sensory  fibres  act  directly  on  the  motor  cells.  Histology 
does  not  enable  us  to  decide  the  point,  though  pending  a  decision  we 
latter  view  has  been  generally  accepted.  That  thtf  motor  region  coo- 
talos  a  very  large  number  of  ceils  that  carry  cfl'erent  impulses  from  the 
cortex,  we  know  from  the  make  up  of  the  internal  capsule,  and  the  pyr^ 
midal  tracts,  and  the  question  hero  is,  whether  these  peHphnrally  dl^ 
charging  cells  have  snmo  sensory  function.  This  has  been  usually  an- 
swered In  the  negative.  We  do  not  say  that  these  u.-iupI  views  are  cor- 
rect, but  think  that  the  detailed  anatomy  of  the  cortex  as  well  aa  the 
clinical  facts  should  be  admitted  ioto  so  important  a  dlscasslon.    Rev.) 

Semi^nopgia.    Henkt  D.  Notes.    X.  Y.  Medical  Heoord.    April  4, 

IftOl. 
In  considering  hemianopsia  as  *^a  Tlsaal  manifestation  of  Intra-cranlal 
disorder"  a  number  of  Intcrestiog  points  are  clearly  develu|>ed.  The 
very  large  number  of  instances  in  which  the  dividing  line  In  hemianopslA 
Bparei  toe  fixation  point  is  Imporiant.  Tlila  occurs  In  most  cases  not 
onlrof  the  homonymous  form,  but  also  In  those  of  double  hemianopsia, 
ju  illuBtrated  by  some  three  cases.    'Iliis  Immunity  of  central  vision  in 
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these  esses  CADuot  at  pre«eDt  be  adequately  explained.  Forster^s  aug- 
ffe^tlou  of  better  blood  supply  to  the  cortical  region  cotrespoDdlog  to 
the  (oTca,  U  at  preseot  tin  hypothesis.  Indiftvusslag  the  relation  between 
the  cortex  and  the  retina  lino's  ease  is  quoted  as  stgniflcant.  It  most  be 
remeuibered,  however^  that  accordlog  to  the  experiments  on  anltualsthe 
(ventral;  lower  portion  of  the  cuneua  Is  sBBoclated  with  the  lower  por- 
tion of  ihti  rednu.  while  in  Hun's  ca.'nc  the  lower  portion  of  the  cuneus  Is 
associated  with  the  upper  portion  of  the  retina — an  important  difference. 
Sector  defects  In  the  Held  are  more  usuallyassodated  with  disease  of  the 
cortex,  while  Irregular  defects  are  more  likely  to  be  subcortical. 

As  regards  the  perceptions  of  light,  color  uiid  form  It  occurs,  of  course, 
that  the  lops  of  light  perceptions  necessarily  Involves  the  other  two — 
but  either  of  ihetw  alone— form  or  color  may  be  lost  iodependeutly. 
The  two  theories  advanc<  d  to  explain  these  are  (1)  separate  areas  for 
the  two  functions,  lying  beside  one  another,  and  (2)  separate  strata  In  the 
cortex  lying  above  one  another.  It  would  be  rash  to  say  that  either 
view  was  satisfactorily  supported,  but  the  latter  seems  to  have  rather 
the  better  support  from  the  cases  cited. 

Bistory  of  a  case  of  earcoma  of  genu  of  th4  corput  eallowum^  preteRttnff 
symptoms  of  profound  Ays(f  na  ;  With  autop*y.  CuARLES  A.  OLIVER, 
M.  D.    University  Wedicil  Magazine.    Philadelphia,  April,  \89!. 

The  patient  was  a  woman  43  years  of  age,  who  had  suffered  from  se- 
vere mental  strain  asjioclated  with  retroversion  of  the  uteme.  She  ex- 
hibited symptoms  shortly  before  her  death  which  led  to  the  diagnosis 
of  profound  hys^teria,  possibly  combined  with  a  gross  intracranial  ieslon 
situated  nnlerinrly  aiic!  at  the  base  of  the  brain. 

llie  basis  of  tblV  was  the  mutability  ut  the  ocular  symptoms;  the  char- 
actfristic  flelde ;  the  absence  of  any  expressive  motor  changes;  the  con- 
dition of  the  fundus  oculi.  In  association  with  the  mental  derangements  ;^ 
the  loss  of  the  sensRs  of  smell  and  taste;  ovarian  tendemcts;  abondant 
limpid  nrine  without  abnormal  excreta;  the  absence  of  cephalgia,  vom- 
iting, vertigo,  or  any  gross  geneml  symptoms  of  cerebral  growth  and 
a  oonstauC  highly  emotional  condition. 

In  the  left  eye,  vision  was  lost  save  in  a  small  region  to  the  nasal  side 
of  the  visual  fleld.  Central  visioti  for  form  for  the  right  eye  was  bnt 
^th  and  could  not  be  optically  improved.  The  left  pupil  reacted  only 
to  the  AtlmuiatloQ  of  the  region  mentioned.  In  the  right  eye  a  sluggish 
reaction  of  the  pupil  followed  stimulation  of  either  lialf  of  the  retina. 
The  field  for  color  vision  was  very  variable  owing  to  the  rapid  fatigue 
due  to  tlie  tests,  the  color  first  tested  giving  the  largest  fleld.  The  dis- 
turbance of  vision  was  first  noted  by  the  pniient,  nexc  smell  and  taste 
were  lost  by  degrees  and  In  the  order  named.  Disturbance  In  hearing 
was  not  recognized,  but  upon  testing,  bearing  was  found  deficient.  Ex- 
treme lassitude  was  followed  by  her  remaining  continuously  in  bed. 
Visual  Illusion  and  hallueintlons  then  appeared.  The  latter  were  of  & 
very  persistent  sort,  the  former  took  the  form  of  Indefinite  muItipUea- 
tloD  of  special  objects — all  clearly  projected^  I'actlle  Illusions  followed 
and  combined  themselves  with  the  visual  ones,  llie  muscle  sense  and 
that  of  pain  and  temperature  appeared  normal.  There  was  no  Indica- 
tions of  any  form  of  aphasia. 

At  the  autopsy,  the  brain  alone  was  examined.  The  tumor  above 
mentioned  was  found  attached  to  the  genu.  Its  shape  was  hemispherical 
and  its  two  greatest  diameters  six  and  five  and  one-half  centimeters  re- 
ipectivcly.  Its  greatest  bulk  lay  to  the  left  of  the  median  line.  The 
uncinate  gyrl,  the  olfactory  tubercles,  the  cephalic  portion  of  the  gyms 
fornlcatus  and  both  optic  nerves,  but  especially  the  left  one,  were  the 
parts  most  afl'ected. 

The  disturbances  of  vision  are  associated  with  the  pressure  on  the 
optic  nerves;  those  of  taste  and  smell  with  that  on  the  aaclnate  gynis 
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and  the  neiKhborlDf^  olfactory  pathways;  that  of  hearing— which  was 
specially  deAcleut  on  the  left  eide — with  the  greater  bulk  of  the  tumor 
OD  that  side;  and  those  of  touch  were  not  specially  referred,  but  would 
iDO«t  oaturally  fall  in  with  the  pres-'ure  on  the  anrerior  portiou  of  the 
ipyros  foruicatus.  A  hi«tological  examiuatiou  of  Uie  uoiupressed  struc- 
tures gave  negative  results. 

ContrtbutioHB  to  the  Pathology  of  infantile  errebral  pahlet.  B.  SaCHS,  M.  D. 
N.  V.  Medical  Journal.     May  2,  1S91. 

One  purpose  of  this  article  I«  to  point  out,  by  careful  comparison  of 
the  cUolcal  symtom^  with  the  pathological  fiudiog**,  those  cases  In  which 
the  surgeon  may  properly  luterferc.  Another  purpose  Is  to  emphnsizo 
the  view  chntH  much  larger  Dumber  of  these  palsieu  than  has  been  hitherto 
admitted,  are  of  cerebmi  origin.  Id  the  pursuit  of  this  latter  end  the 
author  is  but  insisting  upon  views  which  he  has  previously  advanced. 

A  brief  ruble  gives  the  concluslous  whicli  he  has  reached  In  the  cases, 
the  morbid  lesion,  form  of  palsy,  distinguishing  symptoms  and  con- 
ditions being  brought  together  in  three  gruup$,  arranged  according  to 
time  of  ouset  a«  "■prenatal," ''birth"  and '"■acquired  palsies."  Further, 
an  account  of  two  cases  is  given  In  detail  and  illustrated  by  three  plates. 

'ITie  flrst  ease  la  that  of  a l>oy  of  eight  years  who  was  well  until  sii 
years  and  a  half  of  age,  wheu  be  was  seized  with  convuUlonfl  and  devel- 
oped right  hemiplegia — the  face  included.  He  was  hydrooepbllc  and 
and  the  nead  was  found  to  be  still  etilarglng.  He  had  had  repeated  epi- 
leptic seizures  involving  the  right  hand  only.  His  dlspoHiiion  «as 
happy  and  his  menijtl  develi>pnK'iit  good,  though  somewhat  reutrded. 
Later,  bo  suddenly  (ell.  without  Ums  of  t^onHt'lousness.  The  hemiplegia 
waa  then  found  completp,  the  sphincters  not  Hjeing  Involved.  Fever  de- 
veloped. Vision  was  disturbed,  the  disturbance  ending  In  blludnesi. 
Speech  became  dlfileulc  and  stupor  was  followed  by  coma.  The  motor 
nerves  of  both  eyes  t>ecame  involved  later.  Death  at  end  of  eiglit  weeks. 
The  autopsy  showed  the  brain  much  enlarged  and  quite  smooth  caudad. 
A  cyst  wa>i  found  in  the  left  ventricle  and  in  this  u  Inrge  tumor  (gliosa- 
rcoma),  filling  a  large  portion  of  the  dl*ttended  ventricle.  Another  large 
tumor  waa  found  near  the  top  of  the  right  tern poro- sphenoidal  lobe.  Both 
tumors  pressed  on  the  brain  axis  and  the  eye  symptoms  are  thus  ex- 
pUlned.  ITie  motor  tracts  In  the  cord  were  degenerated.  The  cyst,  oc- 
cupying a  large  portion  of  the  motor  area  and  due  probably  to  a  subpial 
bemorrliage,  is  ofiereda^  the  explanation  of  the  lultiiLl  hf^mlplegiaaud  the 
tnmon,  bb  that  of  the  subsequent  and  fatal  attack.  The  hydrocephalus 
la  not  coosldered  as  Important  In  determining  the  course  of  evenu. 

The  second  case  was  that  of  a  cliroule  men Ingo-en cephalitis  in  a  boy 
of  one  year,  due  probably  to  a  wide  spread  efihsion  of  blood  between 
the  pia  and  the  cortex  at  the  time  of  birth. 

Vergteichend-anatomitche  Utuerauchungen  iifter  deti  Fornix  und  die  xu  ihm 

IV  BeMiehunff  fftbracftttn  Oebiide  im  Oehim  dta  Mfn»chen  tind  dir  Sfiu- 

gethiert.    Von  Jacob  Homeggkr.    Hit  lOLlcbtdruk-Tafeln.  Inaug. 

DUs.  Zurich.    Ocnf,  1890. 

TliU  pamphlet,  which  to  say  the  least  is  a  remarkable  production,  ap* 

Man  to  have  been  printed  at  the  same  time  in  the  Recueil  Zooiogique 

diUM  t.  V,  and  thus  the  author  was  assisted  In  publishing  bis  23-1  pages 

of  text  and  ten  plates,  on  «orae  of  the  more  neglected  parts  of  the  briuu. 

He  opens  with  7G  pages  of  historical  introduction,  which  Is  intended  to 

fill  the  gap  tilflting  between  the  account  of  Iturdach  and  the   present 

day.    This  account  in  very  full.     His  material  for  study  comprised  a 

long  series  of  sections  from  man,  calf,  sheep,  dog,  pig,  cat,  rabbit, 

mouse,  and  from  several  birds,  reptiles,  amphibia  and  bonr  and  carti- 

laglDoui  fishes,  many  of  these  animals  ttcing  represented  bv  several 

•erlea  In  different  plane*  aod  alaloed  with  gold,  carmine,  or  Welgert'a 
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haematoxyltn.  So  much  for  hU  base  of  fiupplles.  Bj  comparisoa  of 
this  rich  material  the  author  proceeds  to  exiimlao  critically  the  structure 
of  Che  cornu  ammonifl  and  the  fa«cia  dentata,  striae  LaDcUil^  psalterlum 
fornix  loD^s  and  flmbria,  septum  pellucldum  and  ppdunculas  9epit  pet- 
lacldl,  columnHe  forntels,  tuber  claereum  aud  corpuB  mamlllkre,  deoas- 
saiio  suhthuliimloa  posterior  and  peduiiculus  corporis  mamtllariii^  the 
bundle  of  Vicq  d'Azyr  and  ofv.  Gudden,  ihe  fa-ioiculu^  loDgitudiDalls 
posterior,  taeaU  thaluml  optlcl,  f^uglion  habennlae,  [^cduncuii  conaril, 
Meyoert's  buudle  (fii^louluft  retroQexus),  taenia  ftemicircularla  and  nu* 
cleus  amyt^dntae. 

The  structures  are  treated  from  the  purely  anatomical  side  so  that, 
even  if  we  felt  capable  of  reviewing  the  results,  which  we  confess  we 
do  not,  it  would  hardly  ho  possible  to  do  so  In  tliU  place. 

It  Is  a  valuable  paper  from  the  detail  with  which  mauy  of  these  neg- 
lected structures  are  diAcuitAed  aud  the  broad  comparative  baitts  which 
the  author  haf^  for  his  conclusions.  U  is  hard  readin|f,  and  to  this  th« 
subject  matter  and  the  style  are  boUi  contributors.    The  phototype 

folates  areartlflclally  admirable,  but  would  be  aided  by  outline  diagrams 
D  each  case,  and  as' It  Is  a  paper  for  reference  rather  than  conclnnotia 
reading,  an  Index  would  be  a  great  agslstanoe. 

Tke  epithelium  of  the  bratn  cavUieB.  By  P.  A.  FuH.  Proc.  Am.  See.  ot 
Ulcroscoplfita.  1890.  I  plate. 
The  author  studied  the  living  epithelium  or  endyma  In  the  brain  cavi* 
ties  of  the  cat.  using  animals  that  were  adults,  six  weeks  old  or  new- 
born, and  found  cilinted  celln  Id  all  cases.  At  the  points  of  intrusion 
of  the  plexufufs  Into  the  eaviiles,  as  In  the  paraca-le  (lateral  Tentrlcle), 
the  covering  cells  were  of  the  pavement  form  and  without  cilia.  The 
discrepant  statements  concerning  the  existence  of  cilia  of  the  bratn  cay- 
tties  of  adult  man  probably  depend,  as  suggested,  on  the  difficulty  of 
obtaining  really  fresh  material.  The  paper  is  accompanied  by  a  as«- 
ful  bibliography. 

Ueber  StUrvnffen  der  kompentatoriicften  und  tpontanen  Bnoeffunffen  nacA 
Veriftzvng  dfz  OrtjMhtrnt,  A.  V,  KoraMTI  and  J.  LoEB.  ArchW  f. 
d.  ges.  Phys.  Bd.  XLVIII.    1891. 

The  research  in  qaestion  forms  a  further  contribntlon  to  the  analysts 
of  the  motor  disturbances  following  lesion  of  the  cerebral  hemlapheret 
In  rabbits  and  dogs. 

The  first  question  taken  up  relates  to  the  oystagmatic  movements  of 
the  eyes  In  anilibit  fixed  in  the  primary  position  upon  a  bolder  which 
can  be  revolveil  about  a  verllcal  axis.  Tlie  direction  of  the  nystagmus  Is 
referred  to  the  animal,  and  the  slower  part  of  the  oscillation  is  the  one 
always  designated.  Upon  rotating  a  normal  rabbit,  under  the  condi- 
tions just  indicated,  the  nystagmus  during  rotation  is  In  the  opposite 
sense  to  the  rotation,  but  when  the  rotation  is  stopped*  It  occurs  for  a 
short  period  in  the  aarae  sense.  In  normal  rabbits  the  direction  of  rota- 
tion, whether  to  the  left  or  right,  has  no  Influence  on  the  numlwr  of 
oscillations  which  are  approximately  the  same  In  both  cases,  both  during 
and  after  rotation.  The  authors  rotated  their  animals  ten  times,  then 
stopped  the  rotation  and  counted  the  number  of  subsequent  oscillations. 
These  were  approximately  the  same  for  rotation  to  right  or  to  the  left 
In  normal  rabbits.  When,  however,  the  experiment  was  tried  with  rab< 
bile  from  which  the  occipital  portion  of  one  cerebral  hemisphere  (always 
the  left  hemisphere  In  their  experiments),  had  been  removed.  It  was 
found  that  the  direction  of  the  rotation  made  a  marked  dlOereuce  Id  the 
number  of  subsequent  oscillations.  A  rabbit  from  which  the  occipital 
portion  of  the  left  hemisphere  had  been  removed  gave,  after  rotation  Co 
the  right,  a  much  larger  number  of  subsequent  oscillations  than  It  did 
mfter  rotation  to  the  left.    So  too,  these  rabbits  compensated  by  move- 
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menu  of  the  body^  for  roUtioo  to  the  right  better  than  for  rotattoD  to  the 
left.  Durinic  rotation  to  the  left  the  mbbit  mast  make  nysta^oiatlo 
moTemeuta  to  the  right,  and  these  were  found  to  be  more  uumerous  whea 
the  rotation  was  to  the  left.  In  the^e  cuiies  then  ot^cHlailons  to  right 
were  the  mos^t  readily  obtaliied  whether  the  animal  w&s*  observed  during 
or  after  rot-ation.  It  should  be  meiuioi»:d  that  wtien  thy  (roDt^l  portion 
of  the  hemisphere  whb  removed  these  dlflerenccs  in  reaction  were  not  ob- 
served. 

When  tile  lesion  was  made  in  the  frontal  portion  of  the  braln^  then 
compcQtatory  movemrnts  were  Dot  affected.  On  the  different  effects  of 
the  lealoo,  according  to  it?  location,  the  authors  lay  no  8tre«a,  but  pass 
on  to  mure  geoeral  cou»ldenitioD9.  If  after  the  injury  to  Che  brain 
there  i«  a  dlstnrbanee  in  compensatory  movements — those  of  the  eye 
being  only  one  example — It  umm  t>e  due  to  a  change  Id  the  irritability 
of  the  nervous  mecfaanlem  Involved  in  tbe  reaction-  This  they  think 
tends  to  favor  the  view  of  Qoltz  that  ''injury  to  the  brain  causes  a  de- 
crease In  the  irritability  of  the  lower  centres  in  the  spinal  cord."  In 
general  they  determined  a  greater  tension  in  the  trunk  muscles  on  the 
side  opposite  to  the  lesion,  bat  the  explanation  of  this  observation  is  not 
given. 

The  ear  of  man  I  it*  pa^^  prrwnt  and/uCure — Lecture  IX,  in  ths  Biologica} 
lectures  delivered  at  the  Marine  Biological  Laboratory  of  H'ootT*  Jioll  in 
the  summer  aeition  of  2890.  Boston,  Glnn  A  Co.,  1891. 
This  lecture  contains  a  general  presentation  of  some  observations  on 
the  morphology  of  the  vertebrate  ear  coupled  with  some  remarks  on  Its 
physiology.  The  morphological  portion  1b  to  appear  more  lu  deuil  In 
an  early  number  of  Ow  Journal  of  Morphology.  The  aul  hor  argues  that 
the  Internal  ear  Is  derived  by  modification  from  the  organs  of  the  lateral 
line,  and  that  It  la  to  be  regarded  as  representing  two  sense  organs,  one 
indicated  by  the  utriculas  and  the  other  by  the  saccalas,  eocn  with  a 
system  of  semicircular  canals.  Taking  his  departure  from  AlUs'  paper 
on  the  development  of  the  lateral  line  organs  |ji  the  fish,  he  showft  how 
from  the  flr?t  sinking  in  of  the  auditory  pit  to  the  full  development  of 
mammalian  ear,  the  process  Is  parallel  to  that  which  takes  place  In  the 
organs  of  the  lateral  Itnc.  When  thus  regarded,  the  Cyclostonte  oar — 
which  has  been  a  stumbling  block  to  the  comparative  anatomists — 
appears  aa  a  simpler  and  less  developed  car  rather  than  an  aberrant  or 
degenerate  one.  The  double  nature  of  the  organ  Is  suggested  by  the 
double  nerve  supply— by  what  lu  the  higher  fonns  are  considered  the 
two  brauches  of  the  auiJitory  nerve — auci  by  the  fuct  that,  considered 
schematically,  the  organ  may  be  divided  into  equivalent  portions,  using 
tbe  prolongation  of  the  daclus  endolymphatlcus  as  an  axis.  If  we  ac> 
credit  the  anterior  and  horizontal  canals  to  the  utrlculus  we  have  tlie 
same  number  of  groups  of  sensory  cells  as  lu  the  sacculus  and  Its  appen- 
dages. To  be  sure  the  latter  has  but  one  eanni— the  posterior,  with  its 
proper  crista— but  It  also  contains  the  macula  aeu$tica  neglecta  of  Ret- 
ilas.  which,  If  the  cuniil  belonging  to  it  had  developed,  would  have  es- 
tablished the  nnmcrii^al  symmetry  that  the  scheme  demands.  In  speak- 
ing of  the  physiology  the  author  lays  much  fstrc^s  on  the  contradictions 
amonK  the  older  authors  who  have  investigated  the  semicircular  canals 
and  (lues  not  utilize  the  recent  results  like  those  of  Delarge  and  Breuer, 
which  are,  If  anything,  more  important. 

DU K*^f^trotn  von  Salama ndra  macitlata  fm  vorgeriirkten emhr^onalstadUtm 

untersuxM.   Von  Baron  Jos.  von  Plcssen  ond  Dr.  Hed.  John  Kabin- 

ovicz.    MIt  3  llthographlschen  doppeltafeln  und  4  Zlnkographlen 

Im  Text.    Mlinchcn.  A.  V.  T^hmann,  1891. 

The  plates  In  this  paper  are  from  the  sections  reconstructed  after  the 

method  of  ills  aud  ore  very  Instructive.    In  this  salamander  tlie  troch- 


■302 


P8T0HOLOGICAL  UTEBATUSE. 


learts  uerve  Is  wanting;  the  fr^nKllon  of  tb<>  fifth  nerve  Is  doable;  th« 
glossopharynKfUB  appear*  to  have  no  gunellou,  \  ut  simply  to  paas  thro' 
the  vagus  ganglinD ;  and  tb<^  hrpogUtfisuB  In  aceordaiiL-o  with  the  obaer^ 
vntlotiH  of  others  has  bat  one  root,  the  vptiiral.  'Ililti,  however,  divides 
lotn  a  dorsal  and  ventral  raniu«>^,  and  in  the  dur»iit  ramus  a  distinct  gaa- 
glion  Is  to  be  fteen,  thus  restoring  the  hypoglossuit  in  these  fonns  to  ih« 
type  of  the  spinal  nerves— an  trnportaot  observation. 

On  out'lifing  nervf  ctUs  in  thf  mammalian  :ip(nal-eord.    By  Cb   S.  Sbcr- 

RINOTOK.    Phil.  Trans.  Roy.  Soc.,  ISOO.    3  plates. 

Hie  author  has  examined  the  cord  In  man,  the  monkey  (Bonnet,  Jew 

and  Khcsas),  and  dog,  uMng  Kcvtioas  from  the  cords  of  the  cat,  Hon, 

calf,  rat,  mou^e,  rabbit  and  guinea-pig  for  compariHon.    The  cells  in 

3aestion  are  those  which  lie  outside  of  the  gray  matter  among  the  white 
hres,  and  they  are  conveniently  sabdivldod  fordescriptiou  Into  veatral, 
lateral  and  di>r.-al  groups.  The  cells  iu  thi'se  several  Iw^alillea  are  de- 
scribed, and  they  appenr  in  each  case  siniit^tr  to  the  cell*  of  that  portion 
of  the  gray  matter  near  which  they  lie.  Uy  far  the  raont  interesting  U 
the  dor>«ai  cells,  wtiich  in  a  given  s«>cti3n  arc  .^catt^ired  from  the  point  of 
«utranco  of  the  dorsal  roots  to  the  ctflumn  of  Clarke.  There  U  aome 
evidence  that  these  cells  are  bipolar— as  is  also  the  case  for  the  cells  In 
th«  column  of  Clarke— Hud  the  suKg*;Ktlon  Is  made  that  we  may  have 
here  hoinologues  of  the  spinal  giinglinn  celM  stilt  Included  In  the  sub- 
sUuice  of  the  coni,  a  fl»ggest.inn  which  haa  much  In  Its  favor.  Prom  the 
de?criptive  nature  of  the  paper  the  evidence  for  this  view  cannot  be  ab- 
stracted with  advanwge. 

Die  Bingbander  der  Nervenfastr.  31Ueetheilt  nach  Vntersuchungca  von 
Dr.  Johanson  durch  Ji;stl'S  Gaule.  Centralbl.  f .  rhyslologie, 
Aug.,  laiU.  Ueft  11. 
The  communication  is  preliminary  to  the -fuller  paper  now  in  press. 
Its  bearing  may  bo  briefly  indicjit'd  a*  fnllows  :  It  the  nerve  of  a  (rog, 
or  rabbit  be  hardened  in  Erlyk's  fluid  for  14  dayst,  teased  In  water  and 
suinfd  for  an  hour  with  huematoxylin  (alum  .5%,  Hflm  aO^o),  the  axis 
cylinder  i:>  slightly  tinged  and  at  IrroguUr  intervals  bands  are  darldy 
colored  and  are  to  be  seen  in  the  medullary  sheath.  This  appearance 
UU  argued  U  due  to  the  presence  here  of 'some  substance  laklug  the 
haematoxylln  ^^taln  and  not  to  an  lu^lgtiifli'ant  deposit  of  thed>e.  'I'he^te 
bauds  occupy  tlie  |)0'4itlon  of  the  well  known  clefts  of  Schmidt  and 
Lantermano.  They  have  u  suggestion  of  fibres  In  them.  Such  U  the 
ftppcarauce  In  May  frog*.  In  June  froga  the  picture  chauges,  and  there 
is  a  clearly  markwl  i*piral  fibre  surrounding  the  nerve  at  these  polnte. 
At  this  time.  June,  the  axii<  cylinder  of  the  nerves  Is  small  and  shninken. 
Later  Ita^sumes  the  lull  iippetirance  found  In  the  spring  (May'j.  fntRS. 
ThU  condition  of  the  axis  cylinders  the  authors  associate  with  the 
proverbial  misbehaviour  of  the  June  frogis  when  used  for  uerve-mufcle 
work.  It  i:t  ai-io  plain  that  this  conditiou  of  the  nerves  occurs  at  the 
breeding  season,  and  the  influence  of  the  reproductive  proocaa  on  CheM 
bauds  and  the  possibility  of  Lhelr  being  related  to  nuclear  aubstaucet, 
are  the  aspects  of  Uie  case  which  most  interest  Uaule. 

Tht  Journal  of  Comparative  JV*uroIo^— a  quartfrty  pfTU}dic4il  <2evo<nlb>  fA« 
ettmparative  study  of  the  nervous  gygtem.    Edited  by  C.  L.  Herrick, 
Profeasor  of  Biology,  etc..  In  the  University  of  Clnclnaali.     Robert 
Clark  A  Co..  Cincinnati,  Ohio,    Vol.  1,  No.  1,  March;  No.  a  Jane, 
1891. 
It  Is  certainly  desirable  that  the  paper*  on  comparative  neurology 
should  be  groui)ed  in  some  one  publlcHiiou,  and  the  opportunity  for  this 
Is  offered  by  the  new  Journal.    Original  papers,  reviews,  notes  on  tech- 
nique, bibliography  and  an  editorial  have  formed  the  conlenU  of  the 
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■numbers  thus  far  tsstied.  In  the  Hrat  number  the  editor  comments  on 
flome  of  the  open  qiifitlons,  ami  In  the  feoond,  us  bearing  on  the  reUttons 
of  neurnlof^f  to  psychology,  gives  ua  hUtorical  account  of  itie  Ideu  on 
locAlization  of  function  In  the  hratn. 

Kannlng  through  both  numbers  Is  a  laborious  atndy  of  the  avian  brain 

by  C.  H.  Turner,  in  which,  for  one  thinf^.  he  testa  the  taxonomic  value  of 

the  brain  of  birds,  with  sugg^'fltive  reRults.     In  the  first  number  the 

editor  writes  on  '*MIu»tra(ion»  of  the  Architecture  of  the  Cerebellum." 

Under  this  head  he  present?  the  view  that  the  superficial   layer  of  the 

^^1  cerebellar  cortex— the  molfcular  layer— is,  in  part  at  itast,  deriv*»d  fn)m 

^^MelU  fornnlng  the  walla  of  the  receasuB  lateralis— a  view  which  oertaloly 

^■Teqnires  more  evidence  to  support  It  than  is  here  given- 

Tbt  retnaiDing    papers,  three    in   number,  are  studies  In  compara- 
tive Anatomy. 

A  LABORATORY  COURSE  IN  PHYSIOLOGICAL  PSYCHOLOGY. 


^^Tl 


Bt  EoMrND  C.  Sanpobd,  Pn.  D. 


(Second  Paper.) 


to 


III.— TASTE  AXD  SMELL. 
Sknsattons  or  Taste. 

Apparatus.    A   potato  and   an  apple;   standard   soluttous  of  sweet, 

itt«r,  sour  and  salt;  camers-hulr  brushes;  battery  and  rtnc  cleclrodea. 
TJie  standard  solutions  sliould  be  made  of  two  ftrengths,  the  stronger 
for  toting  the  Individual  papilire  and  the  weaker  fur  finding  the  IcASt 
propurllon  tastable.  The  following  proportions  of  tatttabte  subntaoceB 
■jid  water  are  convenient.  Srronger  solutions:  Sugar.  40:100;  Qntnlne, 
2:100;  Tartaric  Acid,  5:100;  Salt,  .laturutcd  solution.  Weak<>r  solactons, 
(for  which  the  water  Itself  should  be  without  taste):  Sugar,  6:100; 
Quinine,  2:100 000 ;Tartario  Acid,  5  iIOOO;  Salt,  2:100.  Special  Bolntiona 
of  Sugar  for  Kx.  53 :  30 :100,  18 :100,  16 :100,  14 :100,  12 :100, 10 :100. 

4D.  Much  of  what  U  commonly  calKul  tast«  is  really  tft4te  pius  smell 
or  touch  or  both.  With  the  eyes  ehut  and  the  nostrils  held  try  to  dla- 
tingulflh,  by  taste  alone,  tietweeo  small  quantities  of  scraped  apple  and 
potato,  placed  upon  the  tongue. 

fiO.  Distribution  of  tlie  Organs  of  Taste,  a.  Using  the  weaker  solu- 
tions and  operating  wUh  a  mirror  or  on  another  person,  find  out  a« 
nearly  as  you  can  In  what  part  of  the  tongue  the  strorignst  »en<i:ttlnn9 
are  produced  by  each.  Tt'st  the  tip,  the  sides,  the  back  and  the  middle, 
putting  on  the  solutions  wfthacamel's-hair  brush  and  ringing  the  nimith 
as  oftffo  as  nei'essarv.  Try  also  the  hard  and  soft  palati?'!.  h.  Dry  the 
tongue  with  a  linndkerchief  and  1>*hL  thi;  iudivblunl  fungiform  paptll.T 
with  the  stronger  solutions,  applying  them  with  fine  cjirnerft-halr  |>en- 
clls.  It  win  be  found  possible  to  get  taste  scuFatloos  from  iJie  single 
lapUlse,  though  perhaps  not  all  four  from  each.  Rln^e  the  mouth  as 
iie«ded.  c.  UVst  tlie  surface  of  the  tongue  twtween  the  papllife  and  ob- 
serve that  no  taste  sensations  follow. 

Oi  a  cf.  KittmeTcr:  OcNchraAckRprUriinir«n,  OSCtJnsftri  tibm.  lUi.  On  b  and  « 
«f .  OrhnrKll,  Unt>-r«uehuaK»ti  Qtwr  don  U«''<ahmackulQD,  SeanillniLv  Archtr  f_  Phvalal. 
Bd  ILlSW.pp.  lM;ieDal«oatMlracttir  (bo  author  m  Uw  Zttuctu-ift  f.  P-rcfa.,  Bd.L 
JMO.  p.  U1. 

61.  Minimal  tastes,  a.  Find  what  Is  the  greatest  dilution  of  the 
.leaker  solutions  in  which  the  characteristic  tastes  can  still  he  rt*cog. 
nized.  The  same  quantity,  e.  g.,  half  a  teaspoonfut,  should  be  taken  into 
the  mouth  at  each  trial  and  may  be  swallowed  with  advantage.    Rinse 
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tbc  moath  tborougbly  u  reqalred.  The  following  an  the  proporttoiu 
cItcd  bjr  Butlejr  and  Nichols  for  male  obserren:  QalDloe,  1  :j90  000 ; 
Imeu-,  1 :199;  Salt,  1 :2240;  for  Sulpharlc  Add,  which  they  uuA  truCead 
oCTanaiic,  ihe  proporlloo  was  1 :2080.  b.  The  Intendity  of  the  fressa- 
Ikmaad  the  k^"^^"'  dUutlon  stUl  c&stable  depend  on  the  number  of 
iMte  or^ns  etlmnlated.  Take  a  portion  of  one  of  the  ftolatloae  of  jost 
UUtable  ^trenf^th  fuund  in  n,  add  an  eqoal  quantity  of  water  and  take  a 
IVKe  mouthful  of  the  mixture.  The  cbaxacterUtlo  taete  will  still  be 
perceived,  perhaps  more  strongly  than  before. 

Oa  a  ef.  Bailey  AaA  NiohoU,  Tbe  DelUmcj  of  the  8eoa»  of  TuM,  NaCUrv.  XXXVU. 
ttn  M.  MT;  rnncl  Lombrow  und  Ociuletiiriil,  Die  Sliuw  dar  Vertncber,  Zibwhrtfl 
nr  PijoboloKto  B4.  II.  I»I.  pp.  SU-U.  Canwrvr.  Dlo  Qrenzm  d«r  BehmecMarfcall 
voa  Obloniauium  lo  mk-mriKtr  LUtunK,  PfllUvr'f  Arcblv,  11, 1M9. 822.  Oa  bat.  Chmerur^ 
Dfe  MMkode  ilff  rlchtUcwo  uwl  faUebca  FUle  angeweodel  auf  den  OoMbiiuclaBlniL 
ZoHacfarift  fdr  »i<iloK>*->  ^-^I.  "0' 

69.  Dlftcrimluative  sensIMllty  for  taste.  Foraroafj^  determination 
test  with  the  solutions  of  sugar  ludlcated  above,  taking  llrst  a  small  qaaa* 
tity  of  tlie  standard  20%  solution,  then  an  equal  quantity  (theequauty  la 
Important)  of  one  of  the  weaker  solutions,  or  drst  one  of  the  weaker  and 
then  the  standard,  until  a  solution  Is  found  that  Is  jost  recognizably  dif- 
ferent from  the  standard.  Mako  this  determination  several  time*. 
The  excess  of  sugar  In  the  standard  solution  over  the  amoanC  In  theaoln- 
tlon  Just  observably  weaker  Bet  lu  a  ratio  to  the  1  otal  percentage  of  sogar 
to  the  standard  measures  iiw  seii-^lbllity.  Some  exp«'riineut«rs  may  be 
able  to  distingulBh  the  \$%  from  the  20'^  HoluCion ;  their  senBibUity  would 
then  be  expressed  by  the  ratio  2 :20. 

Oo  Huofa  etxDerlmaoU  sa  this  of.  Kcppler,  Vma  Unter«cheldunKST«miOie«o  dea  Oeaeb- 
nutokslociM  far  CoootnitraUotu«dlffereiu!«u  dar  schoieckbareD  KOrpcr.  FlltlEer'*  Archl*. 
ILUflB.UQ. 

53.  Electrical  Stimulation,  a.  Using  a  constant  current  and  two 
zinc  electrodes  one  above,  the  other  under  the  tongue  notice  the  sour 
taste  at  the  positive  pole  und  the  alkaline  at  Uie  negative. 

On  tbH  iienuU<'>D8  or  Uvtie  In  Keo^rml  of.  vod  Vlouctifrau.  Ph>^oioeie  dea  Ocaehmaeka* 
bIddis  rii!nnuiin*«  Mandbiich  d«r  Phratologie.  III.  (iit.  3)  i>p.  146-234;  0«brwaU,  Cf).  Off. 
Oo  acid  taRt«w  (uid  ohfmV^  comixwiuoo  cf.  Cortu,  ActiuodeaauidMSur  le  EoOt,  ArdUrcs 
de  Bfoloffle,  VllI,  fuc  I. 

Semsations  of  Suiiill. 

Apparatus.  Essence  of  cloves ;  olfactometer  of  Zwaardemaker;  cam- 
phor gum;  yellow  wax;  a  do^eu  siuall  wide  mouthed  bottles.  The 
essence  of  cloves  Is  made  by  adding  one  part  of  oil  of  cloves  to  fifteen 
parts  of  alcohol'  and  may  be  diluted  with  water,  ItseU odorless,  to  make 
the  solutions  required  In  Ex.  C4.  For  that  experiment  dilutions  of  the 
essence  that  will  give  the  following  propurtions  of  uil  of  cloves  will  be 
found  convenient:  1:50  000;  1:100  000;  1:200  000;  1:;IOOOOO:  1:400  000; 
1:500000.  The  olfactometer  of  Zwaardemaker  In  simple  clinical  form 
Btay  be  bought  of  Mechaniker  Hartiug  Bank,  Utrecht,  at  1.60  mk. ;  but 


1  miether  this  eisuiM  ts  of  lite  same  atreoirth  ss  that  oted  by  Lomhroao  and  Otto- 
l«ni;bl  In  Uteir  (•zperUaenU  to  which  rvfvreoce  Is  nuidH  bdow,  the  writvr  does  DOC  know. 
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]U  constmction  Is  ao  simple  that  It  maj  easily  be  made  lo  th«  laboratory. 
It  wUl  be  most  convenieDt  If  mode  doable  as  ahown  Id  the  accompaDyliig 
cut.  Tbe  iDStniment  coDslsts  of 
a  l\f(ht  wooden  screen,  say  six 
Inches  square,  provided  with  a 
bsodle  below  for  easier  holding. 
Through  thifl  screen,  a  little,  be- 
low the  middle,  a  hole  an  inch 
and  a  half  lu  diameter  is  bored, 
and  filled  with  a  large  corlc. 
The  cork  la  turn  is  pierced  with 
two  holes  side  by  side  an  inch 
apart  and  of  such  size  as  to  fll 
tif^hlly  upon  the  kIabs  tubes 
next  to  be  mentioned  I.  e.  about 
7  lum.  The  glass  tul>eB  should 
be  long  enough  to  leave  10  cm. 
tree  behind  the  screen  and  about 
3  cm.  free  in  frout.  The  froot 
ends  are  bent  upward  at  right 
angles  for  insertion  in  the  noa- 
trils.  The  odorous  substances  used  Ln  this  lastrument  are  applied  in  the 
form  of  tubes  that  slide  over  tbe  glass  tubes  behind  the  screen.  Tbe 
simplest  and  best  for  persons  of  uornial  keenness  of  smell  ore  pieces  of 
red  rubber  tubing  10  cm.  long  and  of  such  bore  as  just  lo  sitde  freely 
OTer  the  glass  tubes  (8  mm.).  These  pieces  of  rubber  tubing  should 
themselves  be  slipped  into  pieces  of  tight  fitting  glass  tubing  so  as  to 
prevent  the  spread  of  tbe  odor  from  their  outer  surface.  For  Ex. 
57  another  odor  tube,  this  time  of  yellow  wax  will  be  needed. 
ThU  can  easily  be  made  by  placing  a  glass  tube  (of  the  size  of  tbe  air 
tnties  used  In  the  olfactometer)  inside  a  tube  such  as  is  used  to  cover  the 
rubber  odor-tubes  and  filling  the  space  between  them  with  melted 
wax.  The  Inner  tube  may  thou  be  warmed  br  running  hot  water 
through  it  till  it  can  be  withdrawn.  The  principle  upou  which  Che 
Instrument  works  is  this,  namely,  that  the  Intensity  of  tne  odor  varies 
directly  as  the  surface  of  wlorous  substance  exposed.  When  the  odor- 
tatwe  are  slipped  onto  the  glass  tubes  of  the  olfactometer  and  pushed 
back  until  their  cndit  sire  tlu^h  with  those  of  the  glass  tabes,  the  air  In- 
baled  tlirougb  the  latter  cuolHins  few  or  no  odorous  particles  because 
no  odorous  surface  is  exposed.  Wben^  however,  the  odor-tubes  are 
pulled  a  little  away  from  the  screen  so  that  they  extend  over  the  ends 
of  the  glass  tubes,  they  expose  the  odorous  surface  inside  them  to  the 
corrent  of  air  Inhaled.  Tlie  strength  of  the  odor  is  proportional  to  the 
area  exposed,  or  since  the  bore  does  not  change,  to  the  length  of  odor 
lobe  that  extends  beyond  the  glass  tube.  This  last  can  be  conveniently 
measured  by  a  scale  («.  g.  centimeters  and  half  centimeter? )  scratched 
on  the  inner  glat*!t  tutyes.  The  length  of  odor  tube  corresponding  to  a 
iust  ob&crvttt>le  udur  will,  of  course,  dl^'cr  with  diOerent  tubei^,  from 
person  to  person,  and  with  thn  temperature,  but  tubes  of  red  rubber  are 
reported  to  give  satisfactory  results  both  as  to  original  intensitv  and  the 
constancy  wuih  which  they  keep  their  odor  through  considerable  perl* 
oda  of  time.  Tbe  length  of  red  rubber  odor  tube  required  by  Zwaarde* 
maker  himself  for  a  Just  observable  odor  at  18°  C.  la  7  mm.  In  use  the 
upward  turned  end  of  one  of  the  gla.*in  tubes  Is  Inserted  Ln  the  forward 
part  of  the  noi^tril  and  the  subject  druwA  his  breath  In  tbe  way  most 
oatnrmt  toblmio  smelling— theproportlon  of  odorous  partlotea  la  creater, 
however,  when  the  current  of  air  is  alow  than  when  It  la  rapid.  ^The  lo- 
lUe  of  the  glass  air  Lubes  will  need  to  be  cleaned  of  adhering  odorous 
partlclee  from  time  to  time. 
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89.  DlwlMlMtliitMiMiliWtj  tor  •dow.  1Mi«  tbe  dovHo  olte0l»- 
meter  wtth  belli  ndni  lahw  dimvii  a^  far  BMai;fc  to  (tre  •■  vaalMiAft- 
ble  odor,  bot  Mt  toe  itroftg  a  oae,  M7  bech  dimwn  om  i  «m^  Am!  how 
iMT  one  or  the  oclier  «aiA  be  diswa  oat  (or  poriiwt  bock)  lo  iMbw  the 
odor  which  It  Kirce  Jot  obowftblr  iteooc*  (o*  ««ofeor)  thu  that  of 
the  other.  Tb«  teaihoaUbonadt  vUhoMNdeetflboMoeoolr,  (tbera 
U  fraanently  a  dlAieiMje  In  aeadlivcneoi  between  the  tve  udea,  due 
to  meeneniral  abetracdon or  oCher  eenee)  nnhnelbreeinrreinni  iillir 
era!  form  of  exparimeat  la  daslrabla.  Trj  a  wumlbm  of  tiaae,  bat  be 
careful  to  eToid  f&ti^e. 

56.  Fatigue  of  Binelt.  a.  Hold  a  piece  of  camphor  earn  to  the  ooie, 
and  imell  of  It  continuously,  breathinff  In  ihroogb  the  noie  and  oat 
tbroogh  the  mouthy  for  five  or  ten  mlnatea.  A  Terr  marked  decrease  Is 
the  intensity  of  the  eentatton  will  be  obaerTea^  reaching  perhaps 
even  to  complete  loss  of  the  odor.  b.  It  la  Important,  howerer,  to 
observe  that  ntlgne  for  one  lobstaDoe  does  not  cause  obtoseaass  for  all 
other  SQbstaoces,  though  it  does  for  some.  Saiell  of  some  eaeencc  of 
cloves  and  of  some  yellow  wax,  then  fstlgae  for  camphor  as  In  /i  and 
smell  of  the  essence  of  cloves  and  of  the  wax  again,  "nie  odor  of  the 
wax  will  probably  be  fainter,  that  of  the  essence  of  cloves  onaflbcted. 

C(.  aroDBoha.  ExpM-lmme«>lle  Comvuchaogvin  rar  Phystolosle  dM  Ownicfaa,  DqBoIb- 
&BrnMiDd*i  AreUr,  18S«,  pp.  S2M7. 

67.  Compensation  of  odors,  o.  Experimeot  with  the  olfactometer 
on  one  side  of  the  nose  as  follows.  Hold  against  the  end  of  the  rubber 
odor-tube  another  odor-tobe  of  wax,  partly  covered  on  the  Inside  by  a 
glass  tube  of  the  SAnie  $lze  h<4  that  used  In  the  olfactometer,  in  such  a 
way  that  the  air  must  pass  through  both  to  reach  the  nose.  Then  gradu- 
ally Increase  the  length  of  the  rubber  tube  exposed  till  the  odor  of  the 
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*x  is  no  longer  perceived.  If  the  experiment  \n  carefally  performed 
I  point  may  be  found  where  the  two  odors  nearly  conipeD:>ate  and  the 
"^ resulting  sonsatloa  approftehes  xero.  If  the  rubber  \i  lengthened  be- 
Tond  this  point  ttfl  odor  overpowers  that  of  the  wax;  if  it  Is  shortened 
It  Ifl  overpowered  by  that  of  the  wax.  A  mixture  of  the  odors  is  hardly  to 
be  found,  b.  Kepeat  the  experiment,  using  Che  double  olfiu'tomecer 
urilh  rubber  on  one  tube  and  wax  on  the  other.  The  compenrtatlon  will 
be  obtenred  as  before  though  each  side  of  the  nose  receives  a  separate 
•timulus.  If  the  two  sides  of  the  nose  are  not  equally  keen  scented  the 
proportions  of  the  tubes  that  give  compeu sating  odors  will  not  be  the 
same   as    before.    Cure    should  of  course  be  taken  to  avoid    fatigue. 

Cf.  ZwaardeiDBker,  Comwniwtiuti  ron  OitUl-Iipo  luitUiUt  dm  DoppclrtilcluneswrB. 
rDrtMhrlUedu-  HcdiciD.  VII.  1*'*9.  No,  It),  pp.  131.751. 

Od  mwll  In  grnerai,  t>cwillt^  Uie  tittH-ftlura  klroMly  cited  cf.  tod  Vintacbirau,  Pbnl' 
oloRie  d»»  Otfru(.'hninDt«.  Hermoai]'*  Hamlbuob  der  Pi)7iUolo|{ie,  Ut,  (pt.  >)  pp.  2Sft  3N, 
Aod  th«  UtermtUTB  there  cited. 
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IV.— HEARING. 

UKD8  IV  OERBBAL. 

Apparatus.  A  watch,  2  yards  of  three-eights  Inch  rubber  tubing,  i 
tuning-forks  (the  ordinary  A  forks  sold  at  music  stores  at  25  ceota  each 
wUl  answer  If  a  couple  are  chosen  that  prolong  their  sound  well)^  and  a 
hammer.  A  watch  is  not  an  Ideal  instrument  for  testing  acuteneu  Of 
heariogt  but  has  the  advantage  of  ready  accessibility  and  simplicity  in  nie. 

For  olb«r  ftpeclal  InsTrumenu  for  t^mlnfc  aoiiU-n«>a8  of  lif&rlne  ft.  Reiuteo,  Phytloloilla 
deaOvbOra,  Hannmao'tt  Hutilbuobd»r  PlivKiol  UL  pt.  2,  pp.  llfl-120  and  iJi*-  rvttreaotm 
there  riTen;  •tooJftCob»Kin,  Ui^lwr  Hfirprflfung  una  flVwir  ein  neum  VvrtnUrvii  xur  «i- 
•otea  MMlmrauDK  der  H6rs4;hwell(>  mlt  HUIfi>  elpktri.^rhtir  Strlmn,  On  Rota-Rt'yinond'a 
▲rchtv,  UM,  IW.  for  Apuaruus  for  toscinii  thf>  dlwcnuilDativii  Mru«tHIUy  for  KMUkdi 
ef.  <COr  BOtw) 8carko,  Die  Mi>h(«iidk  von  SchdUtKrlif  n  WuDdt'e  i'hliott.  S(i)dit>i),  III,  IBM. 
906.  and  Zum  UaMdcr  Scb&llstlLrke  Jbfd.  V,  1»SQ,I67;  (for  Umi-J  Wbtui,  UebvrdivMeMunv 
der  Tooallrke.  Innnr.  Dim.  BerUo.  1SS8,  &lao  in  Wicdemacin's  Annaleo,  XXIVl,  inS, 
SU-S&T. 

On  tteariag  lo  geooral  cf ,  Hvlmboltx,  Setuadoat  of  Tan?,  Eag.  u.  bj  EllU,  HeoMo,  op, 
eft. ;  Stumpf,  ToapHTcholoicle:  Wuadt,  Phyiloloi^liKhe  Pirchotoglt). 

58.  Minimal  sounds,  a.  Experiment  In  a  large  room,  furnished  (to 
lessen  the  echoes^  and  as  free  as  possible  from  nolae.  Let  the  subject  be 
seated  with  his  side  toward  the  experlmeuter,  bis  eyes  closed  aod  his 
earnpon  the  other  side  plugged  with  cotton.  Let  the  experimenter  then 
find  what  is  the  greatest  distance  at  which  the  subject  can  still  hear  the 
tick  of  a  watch  held  at  the  level  of  his  ear  and  on  the  prolongation  of 
".e  line  Joining  the  two.  This  Is  easily  done  with  sufllctcnt  accuracy  by 
wing  a  chalk  line  on  the  floor,  marking  ofl  feet  or  meters  and  fmo- 
'tlons  upon  it  and  esllmatlug  by  eye  the  point  of  the  Hue  directly  under 
the  watch.  Try  several  times  for  each  ear  both  when  the  watch  is  being 
brought  toward  the  ear  and  when  It  Is  belug  carried  »way.  'I*he  experv 
menter  should  from  time  to  time  cover  the  watch  with  his  hand  to  dis- 
cover whether  or  not  the  subject  really  bears  or  Is  under  Illusion.  For 
normal  ears  the  distance  found  may  vary  from  2.S  m.  to  4J(  m.  aod  may 
even  rise  to  as  much  as  0  m.  b.  The  subject  should  notice  lo  this  ex* 
perlment  the  very  marked  Intennlttencosof  the  sound  when  just  upon  the 
limit  of  HudiblUty.  It  will  for  a  few  f^econdt*  be  heard  at>ove  doubt  and 
a  few  seconds  later  will  as  certainly  not  be  heard. 

On  a  of.  TOD  Bexold,  Bcbu)unt«raucbunx«n  Uber  daa  klndlkhe  Ootiflronran,  Zoltaob.  f. 
phreabeHkuude,  XTT,  1SS4.U.  uid  XV  ISSft-ie.    Ttila  pnpnr  Klvm  tlw  reMiilU  of  ounHRRia 
Muniob  acbool  ohlldreo,  not  only  with  tht>  W&U.-I1  but  bJmo  with  the  koouiiMier  of 
and  wilh  wblfpered  •pet'ch.    on  h  ct  I'rtMntnohltHOli.  VotxT  elDa  ElcnicainUob- 
8oh*l)empflnaun|rBB  KerlnKRt«r  lnt«-nwLLt,  CfntrmlbUit  f.  d.  nMdte.  wtaeenacfa., 
N.  LftDKv,  Brttrftxe  cur  Tb«orie  d«r  alnnltobeo  AurmtrkNunkeltunddfrkotlveJi 
..r|)ilon.  n  undt^  PhUoa.  Btudkn,  IV,  IMI,  890:  H Uti»Lerbt>rir.  Krhwankuoffen  der 
rks&nikHit,  BettHtgB  nir  axp«rlmant«Uan  PsTOhotDtiic^.  Ufft  'i.  IS80,  Sa. 

60.  Auditory  fatigue.  Cause  an  assistant  to  strike  once  with  a  bam- 
mer  on  the  floor,  or  to  clap  his  handa.    With  the  ears  open  a  slsigle 
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Mmnd,  ont  most  a  tingle  ioaod  itnd  tnm  stent  echoes  ere  heerd.  If, 
however,  the  can  are  kept  closed  with  the  flnKers  UIl  half  a  second  or 
more  af  ler  the  stroke  (tbe  time  may  eaallj  be  fixed  by  rapid  coantlog), 
the  fiiiuter  echoes  wUl  be  heard  like  a  new  stroke.  lo  the  first  case, 
fatigue  from  the  ortfrlnal  sound  deadens  the  ears  to  the  fainter  echoca, 
though  they  may  stUI  be  heard  by  attentive  listening;  in  the  second  case 
they  are  more  strongly  heard  becaase  the  closed  ears  are  unfatlgiied. 
The  floand  produced  by  the  simple  opening  of  the  etrs  withoot  any  ob- 
VectWe  stroke-  will  be  less  if  the  finger  is  not  pat  Into  the  ears,  but 

Bresaee  the  tragui  back  upon  the  opening,  b.  insert  Id  the  openings  of 
se  ears  the  ends  of  a  rubber  tube.  Strike  a  tuulng-fork  and  f*t  It  upon 
the  tube  at  sach  a  point  that  U  sounds  equally  Intense  to  the  two  ears. 
(The  sound  will  then  probably  appear  to  be  located  In  the  head  tnidwaf 
between  the  ears — at  least  not  nearer  one  than  the  other).  Atter  a  few 
seconds  strike  the  tuning-fork  again,  pinch  the  tube  on  one  side,  say  the 
left,  so  aa  to  shut  ofTtbe  sound  from  the  ear  on  that  side,  set  the  tuning- 
fork  on  the  tube  and  keep  It  there  till  the  sound  has  become  rather  faint. 
Then  allow  the  pinched  tube  to  open  and  notice  that  the  pound  \»  now 
stronger  on  the  left  than  the  right  and  apparently  located  on  the  left. 
Cf.  later  experiments  on  the  location  of  tones. 

Od  a  of .  MAcb.  op.  eit.  (uodtir  Ex.  S9)  p.  M  On  b  cf.  UrburtKhlUob.  Zur  Lefar*  too 
&tr  HrhaltompflndoBg.  PfltUeW  ArehiT,  XXrv.  IMI,  67i^srs  aad  nCerMMM  Uwre  riv«>- 
Bm  alM  fltompr,  Toapvcboloicto,  1.  tSO-Ses,  where  other  inifOM  at  tmUgoe  w  idiMj. 

60.  Inertia  of  the  auditory  apparatus,  a.  Inertia  tending  to  keep  the 
auditory  apparatus  out  of  function  can  be  demonstratea  as  follows. 
Place  toe  ends  of  a  rubber  tube  In  the  ears  and  set  upon  the  middle  of 
it  a  low  tunuig-fork  sounding  as  faintly  as  possible.  Notice  that  the 
sound  does  not  reach  Its  maximum  Inteopity  for  an  apprecUble  length  of 
time;  If  the  fork  is  barely  auilible  tbig  may  be  as  much  as  a  second  or 
two.  Be  careful  not  to  increase  the  pressure  of  the  fork  upon  the  tube 
after  first  setting  It  on ;  for  that  will  produce  an  objective  fitr^ngtheolng 
of  tlie  tone;  and  allow  an  Interval  of  several  seconds  between  the  tests 
80  that  the  nuditory  apparatus  mny  again  come  completely  to  rest.  A 
tuning-fork  that  will  prejicrvo  these  minimal  vibrations  for  some  seconds 
and  complete  freedom  from  distracting  noises  will  be  found  necessary 
for  success. 

Cf.  UrbAQtachltHcb.  Ueber  dac  An-  und  AbkllDjtt-n  ooutiacherEnipflDdunitva,  PAQrar'a 
Arehlv.  XXV.  IMl,  SO. 

61.  Noi^e.  Whether  or  not  there  is  a  distinctive  sensation  of  noise 
different  from  that  of  a  mass  of  short,  dissonant  and  Irregularly  changing 
tones  is  yet  under  debate,  with  something  of  the  weight  of  authority  In 
favor  of  !tueh  a  sensation.  A  little  atteution  to  the  nolfies  constantly 
occurring,  especially  to  their  pitoli,  will  easily  convince  the  observer 
that  a  tonal  clement  U  present.  This  Is  striking  when  resonators  (cf. 
notes  on  apparstus  for  sLnuiltaneons  tones)  are  used,  for  they  pick  out 
and  prolong  somewhat  the  tones  to  which  they  correspond,  but  they  are 
not  Indispensable.  On  the  other  hand,  attention  to  musical  tones  will 
often  discover  the  presence  of  accompanying  noises. 

Cf.  Wundt,  PhrsIoloziMbe  pRycboloKie,  I,  430;  Stumpf.  To«iD«rcholoKi«.  U,  4a7-£U; 
alRO  Brflckii  ap.  cit.  aul  99 ;  Kzoer,  E*11U^r'«  ArdilT  XILI,  SIS  It. ;  flUioh.  Ajuljae  der  Emp* 
f  uBduoKeu.  Jeoa.  IS$0.  IIT. 

63.  Silence.  When  circumstances  promise  absence  of  external 
Bounds,  notice  that  many  are  still  present  and  distinct,  though  faintly 
beard.  Notice  also  the  pitch  and  changing  character  of  the  subjective 
sounds  to  be  heard.  Our  nearest  approach  to  the  sensation  of  absolute 
■tllln^F  Is  this  muss  of  faint  inner  and  outer  sensations. 

Gt  Plover,  Ueber  die  BmpRDduntr  derSUUe.  Sammbuiff  pli;slologteeh«r  AbhaadhisgM, 
Jena,  1877.  pp.  07-73.  Tbta  sectloD  od  Sltence  ta  a  portloD  of  Prcyer's  stadr.  Uetor  die 
Qnuueo  der  Toawahmefamunif. 
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ROLE  AND  SCOOBMtVE  T0NK8. 

Though  miidical  tnrnia  are  occasionally  used  In  thu«  experiments  and 
some  discriminHtioD  of  Cuitea  is  necessary,  It  U  believed  that  nothing  U 
required  beyond  the  avenige  ability  of  the  umnuBtcal. 

Apparatus.  The  upper  limit  of  pitch  may  be  tested  with  the  disk  siren, 
with  tunlng-forkit,  with  steel  cylinders  and  with  little  whistles  of  adjast- 
able  length.  The  lust  two  Instruments  are  most  commonly  used  and 
may  be  Bad  from  almost  any  dealer  in  physli-al  apparatus,  the  cyllndera 
from  $10  upward,  the  whistle  (designed  br  Galton),  at  about  65.00.  The 
Cambridge  Scientiflc  Instrument  Co.,  St.  Tlbb's  How,  Cambridge,  Eng., 
makes  the  whistle  In  two  patterns,  a  simple  one  at  £1.  Qs  and  a  more 
elaborate  one  at  £6.  It.  Konig,  27  Qua!  d'AnJou,  Paris,  also  makes  two 
Undfl,  one  at  12  the  other  at  "20  fr.,  the  latter  probably  a  better  instra- 
meotthan  that  of  the  Cambridge  Scientific  Instrument  Co.  at  £1.  5b. 
For  description  and  prices  of  the  more  expensive  kinds  of  apparaCas  con- 
sult K5nig's  catalogue. 

For  testing  the  lower  limit  of  pitch  large  tuning-forks  may  be  used  or 
the  difference  tones  of  small  tuning-forks  or  of  stopped  organ  pipes.  Large 
tuning-forks  could  probably  be  made  well  enough  for  demonstrative  pur* 
poses  oy  almost  any  blacksmith  and  their  pitch  determined  approxi- 
mately by  making  them  record  their  vibrations  graphically  u\yt>a  a  piece 
9i  smoked  glass  for  ten  seconds,  llie  large  fork  with  slidiug  weiKhts 
(34-16  double  vibrations  per  sec.)  manufactured  for  this  purpose  hy 
K5nlg  costs  300  fr.  and  bis  set  of  high  pitched  forks  for  the  dlffBrenoe 
tone  method  costs  340  fr. 

For  Ex.  65  and  others  that  follow,  almost  any  musical  Instrument  of  a 
considerable  range  of  piti'h  will  answer. 

For  Ex.  65e.  use  a  piston  whistle  such  as  is  sold  In  tov  stores  at  five 
cents.  Two  that  are  In  the  laboratory  hero  reach  the  proper  pitch 
when  their  pistons  are  pushed  In  as  far  as  possible.  It  would  be  easy,  If 
still  higher  tones  were  needed,  to  so  alter  the  whistles  as  to  make  these 
possible. 

For  Ex.  67  prepare  a  series  of  forks  each  differing  from  the  next 
by  about  three  vibrations  A  second.  Half  a  dozen  C  forks  such  as  are 
sold  at  the  music  stores  will  answer.  If  those  are  chosen  that  prolong 
their  sound  well.  Take  one  of  them  as  a  standard  and  make  the  next 
sharper  by  filing  a  little  at  the  free  end  of  the  prongs  til)  It  beats  (cf. 
Ex.  75)  with  the  standard  three  times  In  a  second.  Count  for  10  secoodtt 
If  possible,  and  divide  the  total  count  by  10  to  find  the  rate  per  sec, 
ooQotlng  the  first  beat  nought.  (For  precautions  to  t>e  used  lu  attempt- 
ing an  accurate  count  cf.  Ilelmholtz,  op.  cit.  443  where  Ellis  gives 
all  necessary  particulars.'}  Having  brought  this  fork  approximately  bo 
three  beats  per  f^ec-  take  It  as  a  standard  and  make  the  next  fork  three 
beets  sharper  than  It  in  the  same  way  and  so  on.  Make  also  a  series  o 
forks  (llfTerlng  by  three  vibrations  each,  which  shall  be  flatter  than  the 
normal  C.  It  will  be  well  to  make  a  recount  for  greater  accura;;y  after 
the  forks  have  had  a  chance  to  cool.  Id  order  to  flatten  the  forks  a  little 
as  mentioned  In  Ex.  67  little  riders  of  rubber  tubing  may  bo  placed  upon 
the  prongs.  Make  these  riders  by  cutting  ofT  quarter  loch  bits  from 
toblng  that  will  fit  tightly  upon  the  prongs  of  the  forks.  For  the  reso- 
nance bottles  mc-nlloned  In  the  same  experiment  take  a  four  ounce  wide 
mouthed  bottle  and  tune  U  to  the  forks  by  tcradoallv  cluxlng  Its  mouth 
with  a  bit  of  glass  (e.  g.  a  microscope  slide).  When  the  amount  of 
closure  Is  found  which  gives  the  greatest  Intensity  of  sound,  fix  the 
glass  in  position  with  wax.  (For  picture  and  description  of  such  bot- 
tles see  Meyer,  c^oumi,  pp. 10^103).  A  standard  Instrument  forgiving  such 
small  diflereiices  of  pitch  as  are  represented  abnve  by  the  sharpened  forks 
Is  made  by  Anton  Appunnof  Ilanaua.  M.  under  the  name  of  a  TbnmcMsr. 
(See  picture  and  description  In  Wundt*s  Phyalologische  Psychologic,  I, 
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431  t.)  aud  cosU  for  the  coiap!et«  Instrtuneot,  withpltcbetraiigiiiffl 
S-2  tu  IQ-2A  vlhrtittoiiH  |»er  wc.  and  a  blowtog  table,  lOGO  marks,  ob^f 
octaves  without  tbe  blowioe  sppantiu  range  Id  price  trma  150  to  «0 
marks.  Ttie  same  maker  alsu  oflera  a  aet  of  forkf^  K'^^K  *  nriM  4( 
tonOB  (litTfrinK  ^^urh  from  the  uext  by  a  small  traction  of  a  viDrat{oo(7)>*- 
d^ferertg-apparat)  at  &0  marks.  See  bis  price  list  also  for  other  appa- 
ratus useful  Id  the  experiments  of  this  sectloa. 

For  Ex.  00  a  hydnigen  generator  (cf.  an  elementary  chemistry)  wlU 
be  necessary.  In  blowing  the  hydrogen  and  air  bubbles  It  will  i>e  foood 
convenient  to  have  the  mixed  gases  la  one  large  bottle  and  to  force 
thctii  out  by  puurin^r  iu  water. 

For  Ex.  to  a  pint  bottle. 

Some  of  the  apparatus  suggested  at  the  beginning  of  the  next  section 
vlll  also  be  found  useful  In  this. 

03.  Highest  tones.  With  the  apparatus  at  hand  for  the  purpose,  find 
what  Is  the  highest  audible  tone ;  I.  e.^  If  the  cylinders  are  used,  the 
shortest  cylinder  which  still  gives  a  rtugtug  sound  ou  the  stroke  of  the 
hammer,  or  If  the  whistle  Is  used^  the  closest  position  of  the 
plunger  at  which  a  tone  can  f^tUl  bo  heard  beside  the  rush  of  air.  If  a 
nuuit^er  of  persons  are  tested  it  U  tiut  impn>1)Hble  that  some  will  yec 
hear  the  tone  after  it  has  become  Inaudible  for  the  rest. 

m.  Tjowest  tones,  a.  If  low  pitched  tunlng>forks  are  at  hand,  find 
what  Is  the  slowest  rate  of  vibration  that  can  yet  be  perceived  as  a  tone. 
In  some  physiological  laboratories  electric  tuning-forks  or  interrupters 
arc  at  bund  which  have  vibration  ratcsi  of  25  per  second.  Low  tones  can 
be  heard  from  ihciw,  tbotigli  they  have  many  overtones.  l*he  latter  can 
be  partly  damj^d  by  tmicbing  the  tines  raid- way  of  their  length  with  the 
finger  and  partly  fivuided  by  brlnglug  the  ear  not  to  the  free  end  but  to 
A  point  somewhat  further  toward  the  handic.  Thedetenuluatiouof  the 
lower  limit  of  audible  pitch  ia  dllllcult  aud  uncertain  because  of  the 
great  dllllculty  which  observers,  even  those  of  trained  ear,  find  In  dls- 
littgultthlug  these  lowest  tones  from  their  next  higher  octaves,  b.  The 
general  character  of  these  deep  tones  can  be  demonstrated  with  suQlcienl 
clearness  upon  the  contra  octavo  (Cj-C)  of  a  church  organ  if  one  It 
ftcoeastble  and  tuning  forks  are  lacking. 

66.  Some  characteristics  of  high  and  low  tones,  a.  High  tones  are 
smoother  thuu  low  touee.  This  is  clear  with  almost  all  tones  used  In  music, 
and  particularly  so  with  those  of  reed  Instmments.  It  Is  largely  due  to 
the  beating  of  tho  partial  tones  (see  Exs.  83  IT.  and  76  ff.)  amon^  them- 
selves and  even  with  the  ruudaniental  tones.  Play  the  scale  of  the  mstru- 
ment  at  hand  froui  the  lowest  tu  the  highest,  or  sing  theascending  scale. 
The  dlfTcrence  of  roughness  Is  observable  also  with  simple  tones,  but 
only  at  lower  pitches  and  Is  even  there  less  marked,  h.  High  tones 
except  the  very  liigh,  produce  a  more  intense  senf-atlon  in  proportion 
to  their  phrsiciil  Intensity  thuti  do  low  tones.  Strike  si  low  tuning-fork  In 
which  the  over-toucB  are  to  l>c  heard  and  notice  that  the  over-tones  can  be 
heard  at  a  greater  distanoo  than  tho  proper  tone  of  the  fork.  c.  Some 
high  tones  are  particularly  strenctheued  by  the  resonance  of  the  outer 
pn>ii!iage  of  the  ear.  These  generally  lie  between  c*  and  c*  and  give  to 
the  tones  of  this  octave  a  superior  strength,  and  ear-plerclng  quality. 
They  may  be  demonntrated  easily  with  a  small  piHtnn  whUtle  like  that 
mentioned  above.  Find  by  a<Uiistment  of  the  piston  the  point  at  which 
the  tone  Is  most  piercing.  Insert  in  the  outer  ends  of  the  ear  passages 
bits  of  rubber  tubing  half  HU  inch  long  (which  will  chnnge  the  reso- 
nance of  the  passage,  making  them  res|K)DslTe  to  a  lower  tone)  and 
aound  the  whistle  again.  The  piercing  oualtty  will  be  gone  and  the 
tone  appear  decidedly  weaker.  Remove  the  bits  of  tubing  and  sound 
tbe  wnistle  as  before;  the  original   quality  and  Intensity   reappear. 
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Very  closely  oBKOcIatod  with  the  pnre  tonal  seasatlonB  are  eerUin  of 
a  sipatml  quality.  Compare  Id  thiR  rcHpnct  the  seiiAatious  of  the  toues 
obson-td  Id  Ex.  c  above,  or  better  etill  those  of  Ex.  (KJ,  with  those  of 
Kx.  64  or  any  other  deep  tonefi.  Play  the  Pcale  throoeh  the  complete 
compaes  of  any  iustniniunt,  kcepluj;;  thU  <jual!ty  In  mind,  e.  The  emo* 
ttonal  ahadiog  of  tones  changes  with  their  pitch.  Recall  the  deurlptlve 
tenus  uped:  Deep,  low,  tunefiit.  sharp,  acute.  Play  the  scale  and 
judge  of  the  appropriateness  of  these  terras  to  match  the  »hiidet*  of 
feeling  that  mark  the  toucs  of  low,  middle  and  high  pitch,  distln);uUhing 
those  that  refer  to  pitch  from  tho»e  enumerated  in  Kx.  80  which  refer 
to  timbre. 

Cr.  Btumpf.  ToDpBvcboloel<>.  I,  20S-21S,  D.  60-59.  il4  ff.;  aIm  Uach.  op.  eit.  an&vt 
61,  p.  130  ff.  On  eaatl  «  cf.  Hclmholtz,  Sftuutloos  of  Tooe(2ad  Eag.  cd  )  p.  179  sod  p.  M. 
On  d  cf.  Jama*,  Pi^cbolofcy.  II,  134  ff , 

66.  Recognition  Of  absolute  pitch.  This  experiment  can,  of  course, 
give  accuratt'  results  only  with  those  of  very  decided  musical  oar  and 
skill,  but  it  may  be  trind  with  any  subject  that  knows  the  names  of  the 
notes,  fl.  Strike  various  notes  in  diflerent  parlB  of  the  scale  of  the  In- 
Btmment  and  require  the  subject  to  name  the  note  given.  Record  the 
note  struck  and  the  subject  s  answer.  He  should  be  seated  with  his 
back  toward  the  experimenter  or  should  keep  hia  eyes  closed. 

Of.  Btumpf.  op,  eit.  \,  SOiUis,  also  11,  tntlez,  UlUienurUiU^  for  ezperfroeoui  on  trained 


67.  Just  observable  difference  in  pitch,  a.  Test  as  follows  with  the 
set  of  mlnuned  forks  mentioned  above.  I.*t  the  subject  pick  out  fmni 
the  mlnuned  forks  that  which  sounds  to  him  most  like  the  normal 
fork,  striking  and  holding  them  successively  (never  slmultaueously) 
over  a  resonance  bottle.  If  all  of  them  seem  more  than  Just  observably 
different  let  him  put  the  riders  fdescribed  above>  on  the  one  that  U 
next  higher  and  gradually  lower  the  pitch  by  sliding  them  toward  the 
ends  of  the  fork  till  the  two,  heard  sueceasively,  are  Just  different  and 
no  more.  The  experimenter  may  then  determine  the  error  of  the  sul)- 
ject  in  vibrations  per  second  approximately  by  counting  the  number  of 
Dcats  produced  bv  the  forks  when  sounded  together.  If  the  number  of 
beats  per  second  is  less  than  2  or  more  than  t5  it  will  be  best  to  get  the 
difference  In  pitch  with  some  other  of  the  forks  first,  so  as  Co  avoid  too 
slow  or  too  rapid  counting,  and  from  that  to  arrive  at  the  difference  from 
the  standard  fork.  Repeat  the  test  several  times  and  avera^Ec  the  resold 
bat  take  care  to  avoid  fatigue.  This  experiment  will  not  be  reflned 
eooagh  for  testing  those  of  keen  musical  ear. 

Cf.  PTrr^r.  Orensea  derTonwahrtMhmanK.  Sammlurtf;  phrsioloclsoher  Abban<1luniiea, 
I.  tJena.  ISTT)  30  ff.;  etumiif.  op.  ett.  I,  396-906;  LafU  WuDdt^s  t'tiUos.  Btudieo.  IV.  514. 

98.  Differences  In  pitch  that  are  just  recognizable  a.s  higher  or  lower. 
It  U  easier  to  recognl/e  a  difference  than  to  tell  Its  direction,  a.  Experi- 
ment as  In  67d,  but  require  the  subject  thtR  time  to  pick  out  and  adjust 
a  fork  that  Is  just  observably  sharper  or  flatter  than  the  standanl. 

On  a  cf.  Prpvef.  ou.  cU.  28.  M.  For  pxinjrlineDta  oo  extrenufly  uumutlcai  miIjJwU  cf. 
StmpC,  ap.  fit.  I,  sls-ssv 

69.  Number  of  vibrations  necessary  to  produce  a  sensation  of  pitch. 
Arrange  an  apparatus  for  blowing  soap-bubbles  with  a  mixture  of  hy- 
drogen and  air.  Blow  bubbles  of  different  si/«s  and  touch  them  offwtth 
a  match,  either  In  the  air,  or.  If  proper  precaution  Is  taken  to  prevent  the 
Ignition  of  the  mixed  gases  In  the  vessel  and  any  resonance  In  the  pipe, 
while  BtUl  hanging.  The  exploiiion  of  these  bubbles  Is  supposed  to  pro- 
duce a  single  sound  wave.  The  pitch  of  the  sounds  produced  cannot  be 
accurately  given,  but  the  report  of  tlie  large  bubbles  is  distinctly  deeper 
tlian  that  of  the  small  ones. 

CI.  Brdcke,  Ueber  die  Wahniehnniiig  der  Qerttoacbe.  Wtoo.  Sltxb.,  8t«  Abth.,  XC.  IU4, 
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70.  The  Apparent  pitch  of  tone*  !»  affected  by  their  timbre,  tonea  of 
dall  and  soft  character  regularly  seeming  lower  In  pitch  than  those  that 
are  brighter  and  more  IncUive.  Require  the  subject  to  pick  out  on  some 
strincM  or  reed  Instrnmcnt  the  tone  corresponding  to  th&t  produced  by 
blowug  across  the  muuth  of  a  mediara  sl?^  bottle.  Too  low  a  note 
will  generally  be  chosen,  at  least  by  those  without  special  musical  train* 
Ing.  The  cones  should  be  iounded  auccesfllvelv,  not  ac  the  same  time, 
during  the  test.  Afterward  they  may  be  sounded  together  and  the  pitch 
of  the  bottle  determined  approxi mutely  by  Oadinf  with  which  tone  of 
the  Instrument  Its  tone  malois  the  tilowest  beats  ^f.  Ex.  7R).  It  should 
be  rememberedf  however,  that  It  will  be  possible  to  got  beats  also  with 
tonea  an  octave  lower  and  an  octave  higher  than  that  corresponding 
most  nearly  with  the  true  pitch  of  the  bottle  tone.  6.  Repeat  the  experT 
menl,  taking  the  pitch  of  tlie  bottle  flp*t  with  the  voice  aud  then  finding 
the  tone  on  the  iDStrumcnt  corresponding  to  that  sung.  The  illusion 
will  probably  disappear  when  the  test  is  uias  made. 

Cr.  Btumpf.  op.  eit.  I.  ITS.  2V  247.  ORpeciaUj.  »&■«». 

71.  Recognition  of  musical  Intervals.  Canse  a  familiar  atr  to  be  played, 
flrM  in  the  octave  of  c  and  then  In  that  of  c"  In  the  same  or  another 
key.  Even  those  of  no  musical  training  will  easily  recogulze  that  the 
air  (i.  e.  the  ancceaelon  of  musical  int«rvals  In  fixed  rhythmical  relations) 
Lb  the  Kame  In  both  cases;  and  any  mistake  or  variation  will  be  noticed 
as  easily  as  if  the  air  bad  been  repeated  at  the  first  pitch.  The  power 
of  recognizing  Intervals  Is  very  mach  more  highly  developed  In  pereoaa 
of  musical  traliUcig,  but  any  one  that  can  whUlle  a  tune  at  one  pitch  and 
repeat  It  recogoizably  at  another  undoubtedly  has  the  mdimenta  of  It. 

Tor  *xact  methodi  of  toBUnx  the  sooamcr  of  tho  pcnrar  of  rrcotr^Maw  latarrals  of. 
Pre/or,  Ueb«r  <))e  Oreawo  der  Ton«r»hrtw>tiniaik|{,  Jsor,  1S7S,  pp.  MM;  aod  dcUsohma- 
□ow,  b'nlennichuDirPo  Qber  dl«  EmpfliulUchkctt  de>  IntanrmllalnDea,  Wiuidt'a  Phlk», 
Btudtoo,  V,  6M  SOO  Aod  Cbo  ref«reiioes  there  (Irvn. 

73.  Pitch  distances.  Beside  the  interval  relations  of  tones^  and  ovarw 
shadowed  by  them  In  musicians,  are  certain  relations  of  separateDess  or 
distinctness  or  distance  In  pitch,  which  do  not  depend  on  the  ratios  ot 
▼ibraCton  rates.  Equal  musical  iat«rvals  (1.  e.  Interrais  between  tones 
that  have  vibration  rates  in  a  fixed  ratio  to  each  other,  e.  g.  C  D  and  o" 
d")  do  not  correfpond  tf>  equal  pitch  distances.  Sound  the  half  tone 
Interval  cc-sharp  through  the  range  of  the  instrument,  beginning  In  the 
baas  and  ascending.  Notice  the  increasing  distinctness  and  separation 
of  the  tonea  as  the  Interval  is  taken  higher  and  higher.  For  the  very 
highest  tones  there  Is  probably  a  decrease  of  separateness  again.  The 
difference  Is  most  striking,  however,  with  intervals  aiimller  than  those  In 
common  use,  e.  g.  with  quarter  or  eighth-t<>ne8.  On  the  harmonlcal  (ct. 
notes  on  apparatus  at  the  beginning  of  the  next  section)  atrlke  In  suo- 
cesslon  the  e-aharp  and  d  keys  In  the  four  lower  octaves  beginning 
with  the  lowest,  in  this  Instrument  the  c-sAarp  key  Is  fpven  to 
another  d^  a  comma,  or  about  oue*ninth  of  a  tone,  flatter  than  the  regular 
d  of  the  scale. 

Cf.  Stumpf,  op.  ri'f.  I,  U9-368:  Lortmz,  nntorsuohuiuef)  QbAr  die  Aaffaaiiunf;  too  Toa- 
dlstanwu,  Wuodt'H  FblioK.  Buidlea,  VI.  ISM,  M-lOO:  kEw  a  prolot«nd  dlncovloa  between 
Wundt  eod  Stumpf  (4ad  Koff^)  lo  HUOceedlaK  numWs  of  Ibe  Studleo  uul  Id  Um  Z«K> 
•obrlft  f llr  ParcboIoKle.   HebnholU,  ty.  cit.  pp.  Wi^M.  186, 117. 

73.  The  effect  of  a  given  tone  In  a  melody  depends  in  part  on  the 
succession  of  tones  In  which  It  stands.  Cause  a  simple  air.  In  which  the 
same  tone  recurs  la  different  successions  of  tones,  to  be  played  and  notice 
the  difference  in  effect  In  the  different  ctrcumstanees. 

Macti.  op.  at.  UDder  81.  p.  ISO-lSt. 

74.  Tones  that  vary  Irregularly  la  time  and  is  pitch  are  nnpleaaant. 
Test  with  a  piston  whistle. 
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ApparatvM.  For  the  experimenU  of  thl»  eecttoo  acoesi  to  some  Urge 
-mnBlc&I  iDBtniroent  Is  esgentU),  and  a  reed  InaLruoieDt  1b  to  bo  preferred 
to  a  piano  If  only  one  U  to  be  uaed,  A  parlor  orf^an  will  answer  Id  most 
caaeSt  but  sometimes  the  epeclall,r  tuoed  HHrmoufcal  deslKned  by  Ellla 
to  illustrate  the  theories  of  H<^liul)oUz  (seedeaurlptlonof  theloatrument 
in  hia  translation  of  Hi»lm)ioltz'9  Senaiitlona  of  Tone,  pp.  406-4e9,  al&o 
17,  22  and  IfiS).  would  be  better.  This  In^trutneut  is  made  as  aa  aid  to 
science  bv  Messrs.  Moore  and  Moore,  104  105  Blshopsfcate  St..  Within, 
Londou,  £.  C,  at  the  very  low  price  of  from  £8-5  to  £10.  For  the  proper 
tuning  of  the  iostrumeut,  however,  a  set  of  10  forks  is  necessary  costing 
£3-10  extra.  In  many  of  the  experiments  a  sonometer  cad  take  th« 
place  of  a  piano.  A  sonometer  la  simply  a  long  flat  box  with  a  very  thin 
top  which  serves  as  a  sounding  board  for  the  strings  that  are  stretched 
over  It.  Que  may  be  had  from  any  physical  Instrument  dealer  at 
from  (10.00  upwanl,  or  can  be  made  by  a  carpenter.  For  directions  for 
making  and  dimensions  see  Mayer,  Sound,  (Appleton  it  Co.)  pp.  12&-130. 

For  more  perfect  apparatus  for  the  study  of  beats,  dlfTerence  tones, 
"Compomid  tones,  timbre,  etc.,  consult  tlie  catalogues  of  Kunig,  whose 
address  has  already  l>een  given,  and  of  Anton  Appnnn,  Ntlrnberger* 
ttrasee  12,  Hanau,  a.  M.,  Germaor-  Both  make  resonators,  those  in 
spherical  form  made  by  Konig  are  best  and  most  expensive.  A  series 
ot  10  correipODding  to  the  first  ten  partial  tones  of  c  (128  vibrations) 
costs  110  fr. ;  a  series  of  19^  170  fr.  Appunn*s  In  conical  form  cost  from 
^7  mk.  for  a  set  of  9  to  80  mk.  for  a  set  of  2B. 

The  bottle  whistles  mentioned  In  Ex.  76  are  easily  made  by  fitting  « 
piece  of  rubber  tubing  to  the  Hp  and  neck  of  a  bottle  as  In  the  cut,  or 
'better  still,  by  slitting  the  tube 
a  little  way  so  that  half  the  tube 
may  extend  an  eighth  or  three- 
sixteenths  of  an  inch  over  the 
lip,  but  care  must  be  taken  that 
It  does  not  project  too  far. 

A  pair  of  octave  tuning  forks 
wUI  also  be  needed.  The  large 
forks  OD  resonance  cases  (to  be 
bad  of  any  physical  Instra- 
Deot  dealer  at  a  cost  of  from 
•96.00  to  920.00  according  to 
pitch)  are  much  to  be  preferred, 
Because  they  sound  longer  after 
■onoe  being  struck,  but  are  not 
indispensable.  A  pair  of  octave 
forks  can  be  made  from  an  a' 
*ad  a  c"  fork  by  filing  the  a'  till 
it  gives  c'.  Choose  an  a'  fork 
vr\tn  thick  and  heavy  prones  and  file  It  In  the  crotch  and  along  the  lower 
half  of  the  prongR  i:mide,  tli^lHhuttng  tlie  filing  so  as  to  leave  the  prongs 
of  equal  thickness,  till  U  begins  to  t^at  with  e"  when  both  are  struck 
and  have  their  stems  pressed  against  the  table.  Then  continue  the  flllog 
carefully  till  the  beats  can  no  longer  be  heard.  The  filing  warms  the 
fork  and  makes  it  a  little  flatter  than  when  cold;  tills  of  course  must  be 
taken  Into  account.  To  make  ac"'(ork,  If  one  Is  desired,  a  c"  should  be 
used  and  the  cutting  must  be  at  the  free  end  of  the  prongs.  In  one  mtde 
here  about  three-quartf^rs  of  an  Inch  was  taken  off.  The  tuning  li  m 
before  by  filing  until  Ihi'  beats  with  c"  are  first  heard,  then  grow  slower 
ftnd  finally  disappesr.     In  the  same  way  an  a"  may  be  made  as  the  oo- 


^l^t  a\  but  these  small  forks  do  not  vibrate  very  long. 
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76.  BeatE.  >nien  tones  not  too  f|7«atlj  dUTcrent  In  pitch  are  souudcd 
at  the  same  time  they  mutually  Interfere  aad  make  the  total  seusatlon 
al  ODeiDstsnt  more  lnt4'n»e  and  the  next  iDKCaat  lean  tDtcnie.  This  reg- 
oUr  vartatloQ  tn  Inti^nslt}'  U  called  ^^beatlne."  Ex9.  f>7  and  70,  where 
beat?  have  been  aAcd  incideutallf ,  are  a  sufficient  Introduction  to  them. 
a.  The  rnpidlty  of  beats  depends  on  the  difference  In  the  vibration  rates 
of  the  t>ratlng  tones.  Prepare  two  bottle  whistles  of  the  same  size  and 
blow  both  at  the  same  time.  Slow  beats  will  probably  be  beard.  If 
uot,  pour  a  little  water  tuto  one  txittle  (ihufl  mUlne  the  pitch  of  Its 
tone)  and  blow  as  before.  Continue  sddlng  wH.ter  n  Vlttle  st  a  time  till 
the  beats  lose  thomielvea  in  the  general  roughness  of  the  tone.  Blow  the 
bottles  separately  now  and  then  to  obBerro  the  Increasing  difference  la 
pitch.  1m  tame  may  be  ^hown  wlt-b  a  couple  of  piston  whistles.  If 
ther  are  first  adJuBted  to  nnUon  and  then  the  piston  of  one  or  the  other 
l8  slowly  pushed  In  or  pulled  out.  b.  The  rate  at  which  the  roughness 
of  rapid  beats  diFappenra,  ns  also  the  rate  which  produces  the  greatest 
rougnneF>9,  dlffcrA  nlth  the  pitch  of  the  beating  tones.  Sound  the  fol- 
lowing pain*  of  tones  which  have  soniewhAt  near  the  same  difference  in 
Tlbration  ratcft  per  sec.,  namely.  33;  and  observe  that  the  roughness 
from  the  beats  decreases  and  Ooally  dbappears  eotlrelj  at  about  the 
fourth  pair:  b'  e",  o'  d',  e  g^  c  «,  O  e^  C  &.  The  «'  and  c"  tuning  forks 
give  a  vanish  of  roughness,  representing  a  rate  of  BO-BB  per  sec. 

Cr  HeJmholtx,  op.  cii..  pp.  lW-178;  Btumpr.  II.  U»4VJ,  wpecUUjr  ifil-lSft. 

76.  Beats  betray  the  presence  of  very  faliit  tones  both  because  the  totAl 
Btimalos  is  actually  stronger  In  the  phase  of  increased  intensity  and 
because  Intermittent  sensations  are  themselves  more  effective  than  con- 
tlnuous  ones.  a.  Strike  a  pulr  of  beating  tuning-forks  and  hold  uoe  at 
such  a  distance  from  the  ear  that  it  la  very  faluc  or  quite  Inaudible. 
Then  bring  the  other  fork  gradually  towanl  the  ear  and  notice  the  un- 
mistakable t>c»ti«.  b.  Strike  a  tuniug<forkutid  bold  it  at  a  distance  as  la  a, 
b-^Jng  careful  to  hare  the  fork  sLdewise  or  edgewise,  not  cornering, 
toward  the  ear.  Rotate  the  fork  one  way  and  the  other  about  its  long 
axis  and  obser^'e  the  greater  dlstlnctQess  of  the  tone,  dne  In  this  case 
simply  to  its  intermltlence. 

77.  Beats  are  In  general  attrlbtiicd  to  the  tone  ttiat  Is  attended  to;  in 
the  absence  of  otherwise  determining  causes,  to  the  louder  tone,  If  there 
Is  a  difference  In  Intensity,  to  the  lower  tone,  or  to  the  whole  mass  of 
an  ananalyzed  compouud  tone  (see  introduction  to  Ex.  82).  a.  Set  two 
properly  tuned  resonance  bottles  about  a  foot  apart  on  the  table.  Strike 
two  forks  that  beat  and  bold  them  over  the  bottles.  M'TiUe  both  are 
about  equally  Intense  It  is  easy  by  mere  direction  of  the  attention  to 
make  the  beats  shift  from  one  to  the  other,  b.  Turn  oue  of  the  forks 
about  an  eighth  of  a  turn  about  Its  long  nxl<i,  which  will  weaken  Its 
tone  and  observe  that  the  beats  seem  to  come  from  the  other  fork.  By 
moving  tlr»4t  one  fork  and  then  the  other  the  location  of  the  beats  may 
again  be  made  Co  shift  at  pleasure,  c.  Warm  the  c' fork  !n  any  conven- 
ient way,  (holding  It  clasped  iu  the  hand  wUI  do.)  This  will  flatten 
It  somewhat.  Strike  it  and  the  e"  fork  and  press  the  stems  of  both  on 
the  table  at  the  same  time,  or  better  on  the  sounding  board  of  the  sonom- 
eter. Observe  that  the  beats  seem  to  come  from  c'  fork  unless  It  is 
very  faint,  d.  Tune  a  string  of  the  sonometer  so  that  its  third  partial 
(or  corresponding  harmonic)  beats  slowly  with  the  c"  fork.  (On 
partlals  ana  harmonics  cf.  Exs.  82-S5.)  Strike  the  tuning-fork  and  hold 
It  over  a  resonance  bottle,  or  press  Its  stem  agalnot  the  table  at  arm's 
length  from  the  string.  Then  pluck  the  string  and  aUend  to  Its  tone, 
the  beats  may  seem  to  affect  tbe  whole  compound  tone  of  the  string. 
But  this  will  not  happen  If  the  tone  of  the  string  Is  analyzed  or  If  the 
attention  Is  directed  to  the  fork.    The  same  may  be  tried  on  the  piano 
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bT  picking  ont  from  the  mistaned  c"  forks  one  that  beats  slowly  with 
c''  on  tlie  piano.     Strike  the/ key  and  hold  it  down;  Urike  the  fork  aod 
observe  the  beats  as  before. 
Cf.  etuiujif.  op.  cil.  II.  pp  wo^-w. 

78.  DlfTereuce  tones.'  When  tvro  toDcs  arc  loudly  soandcd  at  the 
same  time  there  results  (probably  from  supplementary  vtbratiou  of  the 
tympanic  membrane  and  ear  bones)  a  third  tone  of  a  pitoh  represented 
by  the  dtfTerence  of  the  vibration  rates  of  (he  two  original  or  geueratlng 
tones.  These  diffprence  tones  are  easy  to  hear  when  they  He  consider- 
■blT  deeper  than  the  generators,  wlien  the  latter  are  loud  and  sustained* 
and  when  thpy  mnkn  a  eonj>onant  Interviit,  though  thtf  latter  ts  not  es- 
sential. A  loud  diflerence  tone  may  itself  take  the  part  of  a  generator 
and  produce  yet  another  dliTerence  tone — a  dlQereaee  tone  of  the  second 
order — and  io  on,  though  difiference  tones  of  higher  orders  are  heard 
with  difficulty  even  by  skilled  observers  of  trained  ear.  nifierence 
tones  are  hard  to  hear  on  the  piano  and  similar  stringed  instruments,  be- 
cause of  the  rapid  decline  la  the  strength  of  the  generators,  a.  Repeat 
Ex.  75  a  continuing  to  pour  water  bito  one  of  the  bottles  till  the  differ- 
ence tone  appears.  At  first  the  roughness  of  the  beats  and  the  difference 
tone  may  both  be  heard  at  once.  Try  the  same  with  the  piston  whis- 
tles, first  setting  them  at  unison  and  then  slowly  pushing  the  piston  of 
one  in  or  out  while  blowing  hard.  The  beats  will  almost  immediately 
give  place  to  a  low  difference  tone  which  may  l)e  heard  ascending  through 
several  octaves  before  Incoming  indistinguishable  from  the  generators. 
The  double  warning  whistles  used  by  bicycllstg  give  a  fine  difference 
tone,  to  which  Indeed  they  owe  their  deep  and  locomotive  like  quality. 
b.  Difierence  tones  are  strong  on  reed  Instruments.  Press  the  adjacent 
white  keys  of  a  parlor  organ,  or  the  harmouical,  by  twos,  beginning  at 
c  and  going  up  a  couple  of  octaves.  If  there  is  dlfllcuUy  in  hearing 
the  difference  tone,  sound  the  upper  tone  iutermlttently  and  listen  for 
the  difference  tone  at  the  Instun^  of  pressing  the  key.  c.  Soand  e"  and 
d"  which  should  give  C  for  a  difference  tone  (594— 028=68) .  Sound 
also  d"  and  e"  which  should  give  the  same  (660— BW=ee).  Jf,  however, 
the  tuning  is  inexact,  as  It  Is  intentionally  tn  the  tempered  tuning  of 
keyed  instruments,  these  ditlerence  tones  will  he  somewhat  different 
and  mav  be  heard  to  beat  with  one  each  other  when  r",  d"  and  c"  are 
sounded  at  once.  Notice  that  you  do  not  get  those  beats  when  the  tones 
are  sounded  in  pairs.  On  the  harmonlcal  this  difference  may  be  brought 
aboat  by  sounding  one  of  the  tones  flat  by  pressing  its  key  only  a  little 
way  down.  The  same  thing  may  be  shown  with  three  piston  whistles 
blown  atoni«,  by  a  little  careful  adjustment  of  the  pistons,  d.  The 
location  of  difference  tones.  The  location  of  these  tones  Is  sometimes 
Influenced  by  the  Ux'atlon  of  thcic  generators,  but  under  favorable  cir- 
cnmstancee  they  seem  to  arise  In  tM  ears  or  even  in  the  head.  'Ilils  Is 
strikingly  the  case,  both  for  the  blower  and  the  listeners,  with  the  differ- 
ence tones  produced  with  the  piston  whistles. 

Cr.  BrlmbolU  op.  cit..  pp.  U3-1»:  Btumpf,  op.  cff.,  tl.  pp.  MA-SAT.  KOnliC,  Quelques 
•xpSriencca  d'acwtutlque,  Vtrim,  1963. 

79.  Blending  of  tones.  The  degree  to  which  tones  blend  with  ono 
another  differs  with  the  Interval  relation  of  the  tones  taken.  It  Is,  a<v 
cording  to  Stumpf,  greatest  with  the  octave,  less  with  the  fifth,  less 
again  with  the  fonrtli,  slight  with  the  thirds  and  sixths  and  least  of  all 
mth  the  remaining  Intervals.  'IVy  on  the  Instrument  the  extent  to  which 
the  tones  forming  ttiese  Intervals  blend,  also  those  forming  Intervals 
greater  than  an  octave :  double  octave,  twelfth,  etc.    6.  The  blending  In 


*  Kfiolg  dUiiitculihes  bptwwn  "cltffrrpno*  tonmt"  mnd  "bnU  toaaa.^*  BoUi  Umm^ 
howaver,  puinrkllr  have  the  aMtam  pUch  aa<l  Iba  oldar  lann  for  Uwm  baa  bare  beeo  re- 
calDBd:  sulcUy  icpeakliiK,  bowerer,  Um  "dUteraaoeUiOM"  board  to  IbaaencperlmcDU 

'*  baal  toaaa." 
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CMC  of  the  ocUve  Is  so  complete  under  taronble  clrcunutaDoei  m  to 
escape  the  Analysts  of  trained  ears.  Use  two  tualaK-forks,  one  AD  00> 
cave  higher  than  tbe  other,  on  resonance  cases  or  held  over  reaoaasM 
bottles.  Sound  the  fork««  first  the  higher,  then  the  lower.  For  a  while 
the  higher  fork  will  be  heard  souadluK  lu  Its  proper  tone,  bat  by  d^rees 
it  will  become  completely  lost  In  the  lower  and  a  subject  wUb  closed 
eres  will  be  uuablc  to  say  whether  or  not  it  yet  sounds.  Stop  the  lower 
fork  or  remove  it  from  its  resoDAoce  bottle  and  notice  that  the  higher  Is 
still  Boundlag.  Notice  the  change  in  timbre  (cf.  Ex.  86)  produced  by 
tbe  stopping  of  the  higher  fork— something  like  the  change  from  Ifaie 
rowel  O  to  the  vowel  (J  (oo). 

On  a  cf  Stumpr.  np.  cit.  11.  pp  127  XII,  Mpeclally  iaft-141.  S6S:  for  hi*  exp^rlmenta  on 
tb*  unmiulol  contlnninii  bli  gnden  of  hUnalng  cf.  Itt-ITS.  Oo  b  ct.  StumpT,  op.  cU.  H, 
pp.  S&2-8M,  and  Hf  ImbotU.  up.  cJf.  pp.  flO-Sl. 

80.  Analysis  of  groups  of  simuICaneous  tones.  Ease  of  analysts  de- 
pends 00  a  uuuiber  of  coudltloos,  among  others  on  the  following,  a. 
Analysis  Is  easier  for  tones  far  distant  In  the  scale.  Compare  the  case 
of  recognizing  the  sound  of  the  c"  fork  when  c'  and  c"  are  sonnded  to- 
getber,  with  that  of  recognl/tng  c'"  when  sounded  with  c'.  Compare 
also  the  ease  of  diBtlngulBhlng  c'  and  a'  with  that  of  dlstingalshlng  o' 
and  a",  b.  Analysis  is  msde  eusier  by  loudness  in  the  tone  to  be  eepa- 
ratf^d.  Repeat  Ex.  79  6  sounding  the  c'  faintly  the  c"  strongly.  No 
dlRlculty  will  be  found  in  keeping  the  latter  distinct,  c.  Analysis  tt 
easier  when  the  toues  make  intervals  with  little  tendency  to  blend. 
Compare  the  ease  of  analysis  of  c'  o"  and  c'  a'or  a'  c".  Also  notice  that 
the  addition  of  d"  (octave  of  d\  fifth  of  g\  fourth  below  g")  to  the 

,,  than  the  addition  of  b' 
Analysis  Is  easier  with  sas- 
talned  than  with  short  chords.  Repeat  the  last  experiment  making  the 
chords  very  short  and  notice  that  the  difference  made  by  Inserting  either 
4"  or  b'  Is  less  mnrked.    Cf.  also  Ex.  95. 

Of.  Stumpr.  op.  cit.  D,  818  SBl.  miao  bin  experlmcatfl,  M2482 

81.  The  lower  tone  of  a  chord  Axes  the  apparent  pitch  of  the  whole. 
a.  Keptat  Ex.  79  b  and  notice  that  when  the  c'  fork  fa  stopped  the  tone 
appvars  to  Jump  upwHrd  an  octave  in  pitch  (I.  e.  It  takes  Uie  pitch  of  the 
-c  '  still  sounding) ;  but  when  the  c''  fork  Is  removed  the  quality  of  the 
tone  is  changed  but  not  its  pitch.  &.  Strike  the  chord  C  c''  e"  g^'  or  O  e' 
g'  c"  and  compare  the  effect  upon  the  pitch  of  the  whole  mass  of  tone 
produced  by  omitting  Cot  G  alone  with  that  of  omltling  any  one  or  all 
three  of  the  higher  tones.  See  also  the  function  of  tbe  low^  p«rCialof 
a  compound  tone  In  fixing  the  pitch,  noticed  below. 

CI.  Stumpf,  op.  cU.  II,  3&S-ie2. 
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chord  g  d'  g'  g"  produces  a  less  striking  change  i 
(major  third  of  (?',  minor  sixth  below  J?'",    d.  Ac 


Compound  tones  which  on  casual  hearing  seem  single  tones  bat  In 
reality  are  chords  deserve  special  attention.  Tbe  tone  given  by  the  C 
string  of  a  piano  Is  made  «p  of  at  least  C,  c,  jr,  c',  e'  and  g'  and  generally 
other  tones.  The  lowest  tone  of  the  group  gives  the  pitch  attributed  to 
the  whole  and  Is  known  as  the  fundamenUiU  the  other  toues  as  or^r-tones. 
In  another  war  of  naming  them,  the  component  tones  are  all  paittal 
tones  or  partials,  the  fundamental  being  called  the  Jlr^  or  prime  partial^ 
the  next  higher  the  second  partiai  and  so  on.  It  should  be  observed  that 
the  jfrsf  over-tone  Is  the  second  partial  tone,  the  second  over-tone  the 
third  partial,  and  in  general  that  the  same  tone  receives  as  a  partla.1  tone 
a  number  one  higher  than  as  an  over-tone.  Tbe  vibration  rates  of  tbe 
partial  tones  of  a  compound  arc  generally  once,  twice,  three  times,  foar 
tImcA,  the  rate  of  the  fuiKlamnutal,  and  so  on.  In  some  cases,  however, 
•e.  g.  In  bells  and  tanlug-fortis  one  or  more  of  the  partial  tones  may  liave 
'^dbratlon  rates  not  represented  In  this  series  and  discordant  with  the 


PSTOBOLOOICAL  LITEBATURE. 


WT 


..^^taenUI  tone.    In  what  foIlowB,  the  reratar  serlet  of  partUl  too«» 
U  meant  eicept  where  the  contrary  Is  RpeclHed. 

Ob  tht  phytic*  and  pbnlijiogy  of  thlji  miktorr  and  ruhfn  treAt^d  to  this  Aod  th*  pr*- 
'^IpitMCilanef.  TSTiKwll,  On  Souml:  lllii«Tma.  Theurr  of  sound  In    '"     -  ■     - 


MS 


^     -  .  .  Hi  RelailoB  CO 

-j;  Taylor,  Sotud  mod  Mttalc:  Hvliribulu.  S«*n««llo(ia  ut  Toit«<.  Tti«  laMt  la  of  eoun* 
— .  IcraM  duBlG  OD  all  such  mAtt«r8;  tht*  rurxt  to  the  Unt  te  vi-ry  iiimpl«  and  untechnlcal 
And  pertiApa  tba  bnt  for  ibuae  approachiotc  tbe  sub>:!Ct  fur  the  first  time. 

83.  Partial  tone*:  Analysis  with  rcHonators.  If  resonators  are  at 
hand  the  demonstration  of  the  pnrtial  tonen  will  be  ea«y.  Sound  on  the 
tn«trument  the  tones  to  which  the  resooators  are  tuned*,  and  notice  that 
tbey  resoaod  «trnnf()y  to  these  tones  and  leflR  strongly  or  not  at  all  to 
other  tones  adjacent  In  pitch.  Then  sound  tbe  tone  to  which  the  largest 
of  the  rceonators  Is  tuned,  and  try  the  rest  of  the  reM>nator8  Id  8ucc«fl- 
sion.  Notice  that  others  also  rewound  (at  their  own  proper  pitch),  thus 
betraylDg  the  presence  of  the  tonas  to  which  they  are  tuned,  and  thus 
the  composite  character  of  the  tone  under  examination.  Which  reso- 
nators will  ''^ speak"  will  depend  on  the  Instrument  used,  reed  Inatru- 
xnenca  giving  a  long  and  perfect  series,  pianos  and  stretched  wire*  & 
perfect  series  generally  as  far  as  the  9th  or  10th  partial,  and  stopped 
organ  plptes  a  snort  series.  If  difllculiy  is  found  in  knowing  when  the 
resonator  Is  reaoundlng^  it  will  be  found  useful  to  apply  it  to  the  ear 
rmlttently,  alternating,  for  example,  two  seconda  of  application 

th  two  seconds  of  withdrawal. 

83.  Partini  tones :  Analysis  by  Indirect  means,  a.  By  sympathetic 
vibration.  This  8ucceed!«  especially  well  with  the  piano.  Preas  the  o 
key  and  h<»l<l  It  down  so  as  to  leave  its  strings  free  to  vibrate;  then 
strike  the  C  key  forcibly  and  after  a  couple  of  seconds  release  it.  The 
0  strings  will  be  found  to  be  sounding.  Repeat,  trjing  c-th^trp  or  b 
Instead  of  c;  they  will  be  found  not  to  respond.  Repeat  the  experi- 
ment, substituting  g^  c'  r'  g\  and  c'^;  all  will  be  found  to  respond 
but  in  lessening  degrees.  Other  keys  between  C  and  c"  may  be  tried 
but  will  be  found  in  vrry  fulot  vibriitlon,  if  at  all.  h.  By  beats.  This 
will  succeed  best  with  a  reed  instrument,  e.  g.,  a  parlor  organ  or  the  har- 
monlcal.  By  pressing  the  keys  of  the  Instrument  only  a  little  war 
down  any  of  its  tones  may  be  soumled  a  little  flatter  than  its  true  pitch 
and  so  In  condition  to  beat  with  any  other  tone  having  that  true  pitch. 
Sound  at  this  flattened  pitch  the  over-tone^  of  C  in  succession  while  G 
U  sounding,  and  notice  the  slow  beats  that  result.  For  verification 
sound  other  tones  not  over-tones  of  C  and  notice  that  the  tKats  when 
present  are  much  more  rapid. 

84.  Partial  tones:  Direct  analysis  without  special  apparatus.  The 
directions  given  here  apply  to  the  sonometer,  but  will  l>e  readily  adapt- 
able to  any  stringed  InfttnimiMit  In  wliicli  the  strings  can  be  exposed* 
It  la  easier  to  hear  any  partial  tone  in  the  comjxiund,  if  the  partial  It 
flrst  heard  by  itself  and  then  Immediately  in  combination  with  the  rest. 
On  strings  this  Is  easily  done  by  sounolng  the  purtlals  as  '*  harmonic^.** 
Pluck  the  siring  near  one  end  (say  about  one-seventti  of  the  length  of 
tbe  string  from  the  end),  and  immediately  touch  It  In  the  middle  with 
the  finger  or  a  camers-halr  brush.  Ilie  fundamental  will  ceaae  to 
sound  Hud  its  octave  (ttie  second  partial)  will  bo  left  sounding^  as  ui 
*' harmonic."    With  It  sound  also  other  even-nnmbered  partTals,  bot 

s  strongly.  Pluck  as  before  and  touch  the  string  at  one-third  lU 
ingth ;  the  third  partial  will  now  sound  out  strongest,  with  the  sixth, 
lib,  etc.,  more  faintly.  Thus  by  plucking  the  string  and  touching  It 
pectively  at  one>half,  one-third,  one- fourth,  one-flfA,  one-sixtli,  ooe- 
Mventlii  ooe-eightlt,  one*ninth  and  one-tenth  ita  length  from  the  end, 
tbe  aeries  of  tone»  corresponding  to  the  2d,  3d,  4tfa,,  6th.  0th,  7th,  8lh, 
9ch  and  10th  partlals  can  be  beard,  each  in  large  measure  by  Itself.  In 
ll«ttlDg  the  higher  "  harmonics*'  It  wUl  be  found  better  to  pluck  nearer 
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the  cod  than  ooe-Beventh,  and  Id  do  caae  should  the  string  be  plttok«d 
at  the  polat  at  which  It  U  presently  to  be  touched,  (cf.  Ex.  88  6.)  To 
hear  tho  partial  cooe^  wbea  aouodlng  In  the  cotnpouud,  pn>oe«d  a«  fol- 
lows. Sound  ihi- required  toue  as  aa  *' harmonic,"  and  then  keeping 
the  atteutluD  flKed  on  that  tone,  »top  the  string  and  pluck  It  agatu,  tfau 
time  letclug  It  vibrate  freely.  The  tone  just  heard  as  an  "harmoDlc  " 
will  now  be  heard  sounding  with  the  rest  a«  a  partial.  When  the  par- 
tial i*  thus  made  out,  verify  the  analyttls  br  touching  the  string  again 
and  letting  ibe  toue  Round  once  more  ad  ati  **  harmonic."  Try  In  thU 
way  for  the  partial*  up  to  the  tenth;  flrflt  for  the  3d,  Rth  and  7th,  after- 
ward for  the  GCh,  Hh  and  the  2d,  which  Is  the  most  dtlllcult  of  all.  IC 
has  been  said  that  analysis  Is  easier  at  night,  (not  alone  on  account  of 
the  gretiter  fltillness),  when  one  ear  U  us«l,  aod  that  certain  posltioiu 
of  the  head  favor  certain  partiaU. 

8fi.  Partial  tones:  Direct  analyiU  without  apparatus.  Certain  parts 
ot  a  compound  tone  arn  ^ometlmea  so  separated  by  their  dissonaace,  ia- 
tensity  or  pitch  thiit  they  stand  out  with  striking  clearness,  a.  Strike 
a  tuninij;  fork  on  n  hard  surface  and  observe  the  high,  ringing,  diasoaant 
purtiaW.  Tliey  fade  out  before  the  proper  lone  of  the  fork,  and  are 
heard  best  when  the  fork  U  not  held  near  the  ear.  6.  As  the  tone  of 
a  nHng  is  allowed  Co  die  away  of  lt«clf,  different  partial  tones  succes- 
sively come  into  prominence.  Trv  with  a  low  piano  string,  keeping  the 
key  pressed  down  white  the  sound  fades,  or  on  the  sonometer.  Some- 
thing of  the  same  kind,  but  leiB  marked,  happens  in  the  dying  away  of 
a  low  toue  on  a  reed  instrument  when  the  air  t.t  allowed  to  run  low  in  the 
bellows,  c.  When  a  tone  Is  sounded  continuously  for  some  tlmp.  for 
example,  on  a  reed  Instrument  %vlth  one  of  the  keys  clamped  down, 
different  partlals  come  successively  Into  prominence,  either  through 
varying  fatigue  or  the  wandering  of  attention. 

Cf.  H^lmbol'Z,  op.  cit.  pp.  3d-06;  Slumpf,  op.  cit.  II,  131—343.  im  also  Uw  iDdeoc 
under  Obvrtoru. 

86.  Timbre.  The  peculiar  differences  In  quality  of  tones,  (distinct 
from  pitch  and  intensity,)  which  are  known  as  differences  In  timbre 
(tone  color,  clang  tint,  Kl<i7\gfaTbf)^  are  due  to  differences  in  the  num- 
ber, pitch  and  intensity  of  the  partial  tones  present.  Compare  In  this 
respect  the  dull-sounding  bottle  tones  or  the  tones  of  tuning  forks  held 
over  resonance  bottles  and  the  more  brilliant  tones  of  a  reed  or  stringed 
iDStrumciit;  the  first  are  nearly  simple  tones,  while  the  second  have 
strong  and  numerous  over-tones,  a.  Notice  the  difference  In  quality 
between  the  tone  given  by  a  tuning  fork  held  before  the  ear  and  that 
given  by  the  same  fork  when  Its  stem  ii^  pres&cd  upon  the  tabie.  In  the 
second  position  the  over-tones  are  relatively  stronger,  b.  Xotlce  the 
differences  In  quality  In  the  tone  of  a  string  when  It  Is  plucked  In  the 
middle,  at  one-third  its  length  and  at  about  one-seventh.  When 
plucked  l[i  the  middle,  many  odd-numbered  partlais  are  present  and  the 
even-numbered  partlals  are  either  absent  or  extremely  faint,  and  the 
tone  is  hollow  and  nasal;  when  plucked  at  one-third,  the  third,  sixth 
and  ninth  partlals  are  wanting  and  the  tone  Is  hollow,  but  not  so  much 
80  as  before ;  when  plucked  at  one-seventh  all  the  partlals  up  to  the 
seventh  are  present  (for  their  theoretical  Intensities  cf.  Tlelmholtx 
op.  cit.  p.  79).  c.  Try  also  plucking  very  near  one  end,  plucking  with 
the  flnger-nall  and  striking  thi;  string  with  a  hard  hf>dy,  e.  g.,  the  back 
of  a  kiitfe  blade;  all  these  bring  out  the  higher  and  mutually  discordtDt 
partlals  strongly  and  produce  a  brassy  timbre.    Cf .  also  Ex.  79  b. 

Cf.  HelniboltE,  op.  cit.,  pp.  e&-110:  Stumpt.  op.  cit.,  11,  6U-fii9. 

67.  In  successive  chords  the  whole  mass  of  tone  seems  to  move  In 
the  same  direction  as  the  part  that  changes  most.  Strike  In  succeasloD 
the  chorda  c'  g'sharp  b'  c",  a  a'  c'-aharp  e"  or  a  c'  e'  c"»  ae'  f  c".  If 
the  attentloD  Is  directed  to  the  bass  In  the  first  example  and  to  the  alto 
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in  the  second  the  whol«  mass  of  tone  will  Appear  to  dcecend  in  the  first 
4;ueaiid  to  Msceud  In  the  ieeond.     If  the  attention  Ig  kept  on  the  so- 

ftrano  part  ihe  illusion  will  not  appear,  as  also  when  the  observer  exam- 
n«8  his  scnsacloDS  critically.    Cf.  also  Ex.  77  d  where  beats  of  a  partial 
tone  are  attributed  to  the  whole  compound  tone. 

Cr.  H«ch.  AoalywOu-  Empnaduoicea,  1980, 12fl-12;:  Stumpf.  op.cit..  II.S98-8»i. 

88.    Simultaneous    tones    interfere  somewhat  with  one  another  In 
IntensUv. 


a.  Play  the  groups  of  notes  numbered  1, 2  and  3  and  observe  the  slight 
iDcreaM  in  the  apparent  intensity  of  the  remulnlng  tones  as  oae  after 
anotlier  drops  out,  making  1  sound  like  la,  2  like  3a,  and  so  on.  On  the 
piano  It  will  be  well  to  play  the  notes  un  octave  or  two  deeper  than  they 
are  written. 


h.  Play  the  notes  marked  4  and  notloe  that  the  increase  of  loudness 
seems  to  affect  the  note  (highest  or  lowest)  that  receives  particular 
attention,  making  the  effect  in  one  case  like  4n,  In  the  other  like  4>i. 

cr.  Hach,  op.  eit.  130;  8luuipf.  op.  eit.,  n,  41»— 123. 

89.  Consonant  and  dissonant  Intervals,  a.  llie  consoDant  Intervals 
within  the  octave  are  the  unison,  octave,  fifth,  fourth,  major  sixth, 
major  third,  minor  third,  minor  sixth.  They  will  he  found  to  decre&se 
In  smoothness  about  in  the  order  eiven.  Try  them  beginning  with  the 
octave  and  at  c,  as  follows :  c  c\  c  g^  c/,  c  a,  c  «,  c  e-ftat,  c  a-jtat.  'Vtj 
the  last  fonr  intervals  aUo  in  the  octave  of  e"  or  c'"  and  uottc<;  that  they 
«re  less  rough  than  when  Uikeo  in  the  octave  of  c.  Any  other  intervals 
within  the  octavo  are  dissonant.  Try  c  c-tharp.,  cd^  cb^  cb-Jtat,  c  f-aharp. 
The  roughness  is  due  to  beating  partial  tones  and  in  general  Is  greater 
when  these  stand  low  In  the  series  and  are  loud,  and  when  tney  He 
within  a  half-tone  of  each  other.  Work  out  for  the  tones  of  several  of 
the  intervals  the  series  of  partial  tones  up  to  the  eighth.  In  general 
the  extension  of  intervals  into  the  second  octave  (taking  the  higher  tone 
an  octave  higher  or  the  lower  tone  an  octave  lower)  docs  not  change  the 
lactof  consonance  or  dissonance,  though  It  may  change  the  relative 
rooghnees.  b.  Those  dtted  by  musical  training  to  pronoance  upon 
questions  of  consonance  and  dissonance  hold  that  alssonauce  can  be  per- 
ceived between  simple  tones  under  conditions  that  exclude  beats,  and 
that  consonance  Is  not  simply  tlic  smooth  flowing  of  tones  undisturbed 
by  beats.  The  test  Is  easy  to  make — simply  to  hold  tuning  forks  mak- 
ing the  lntervalF>  to  be  tcntVd  one  before  each  ear,  and  If  there  are  beata 
to  carry  the  forks  far  enough  away  in  each  direction  to  make  the  beats 
tnaudlbie— but  only  those  or  musical  car  can  pronounce  upon  tlie  result. 

Cf.  on  o,  Helmholtx,  op.  c^(.,  lip.  170-107.  Btumnf,  ou.  cit.  11.  470,  UO.  Wuodt,  Phjid- 
ClOftecbe  PirchoiUKle,  I.  4S».  It  47  ff. ;  Macti,  op.  cit..  l»-13e. 
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90.  CoDBonant  and  dlitoniuit  chords.  In  order  to  form  a  coDaonmnt 
chord  all  the  Intnnrala  between  the  toDeft  u«ed  molt  also  be  conaonant. 
The  only  chords  of  thr««  tones  which  fulfil  thU  condition  vHthin  the 
octave  are  rfpreaented  by  the  followlofr-'  Major  oeui^  c/a^  e  t-jlat 
a-JUit,  minor  c  e-Jtat  ff,  r.fa-fint^c  e  a.  Try  theao  and  for  comparlaoo  any 
other  chord  of  three  tones  bATln^  c  for  Its  lowent  tone. 

Cf.  H«lmbolt«.  op.  cit,  p.  «11  ff. ;  Wuodl.  op.  eit.  Tl.  «.  87  ff. 

91.  Major  and  uiUior  chords.  Compare  the  chords  c"  e"  j;''  and  e'' 
B"-Jiatg''.  'JTblB  unmistakable  dlfttrence  in  effect  depends  in  part  at 
least  on  the  fact  that  In  the  nulor  chord  the  difference  tonei  of  tbe  flnt 
order  are  lower  octaves  of  c"  Itself,  while  in  the  minor  chord  one  dtfler- 
ence  tone  Is  not  such  at  all  and  if  taken  in  the  aame  octave  with  tb* 
chord  would  be  blffhly  dissonaut.  For  the  major  chord,  when  tiikea  in 
the  octave  of  c",  the  difference  tones  are  c  and  c'\  for  the  minor  chord 
6,  &'JUU^  A-flai.  Try  on  a  reed  Instrument  the  difference  lonea  geoc^ 
ated  bye"  «",  «"  ff'\  c"  e"-Jtat,  e"-,natg'\  Brst  separately;  and  then  while 
e'f  and  (r"  are  kept  Bonndin^;,  strike  «"  and  9"-Jlai  alternately. 

M.  Cadences.  Uodern  music  requires  the  prominence  of  the  key 
note  or  lonlo  and  of  tbe  chord  in  which  It  holds  the  chief  pl&ce  at  the 
beglnninfi^  of  a  piece  of  music  and  at  the  end.  Tbe  feeling  of  tbe  appro- 
priateness of  this  close  Hiitl  fspeclHlly  of  the  succession  of  chords  In  the 
following  cadences  can  hardly  fail  to  appeal  even  to  the  unmusical. 


Cf.  HelmholU,  op.  eil.,  903. 
BtNAURAI.  AUPITIOS  AND  THE  LOCATION  OP  SotJNDS. 

Apparatvs.  In  addition  to  apparatus  already  used,  a  pair  of  anlaoa 
tnnlu^-forkti  on  resonance  cases  will  be  needed  In  Ex.  bO  d,  (and  In  sev- 
eral of  the  other  experiments  such  large  forks,  unscrewed  from  their 
cases,  arc.  almost  iudiapenaable,  because  the  tones  of  ordinstry  small 
forks  are  too  fitlnt  und  lust  too  short  a  time),  also  a  mccbunical  tele- 
jcrapliic  ''snHpper-sounder,*^  a  yard-stick  and  a  retort  »t&nd.  The 
'^snapper  sounder,"  common  as  a  toy  a  few  years  ago^  cun  he  bought  of 
E.  B.  Greeley  &  Co.,  J>  dt  7  Dey  St.,  New  York,  at  from  30  Co  75  cents. 

93.  Cnlson  tones  heard  with  tbe  two  ears.  a.  Strike  a  pair  of  unison 
forks  that  will  ^ouud  equally  loud  and  vibrate  an  equal  leui^tb  of  time, 
and  hold  one  before  each  ear.  three  or  (our  Inches  away;  a  fiaglc  tone 
of  rather  Indefinite  location  will  be  heard.  As  the  forks  are  brought 
nearer,  their  tone  seemH  to  draw  by  degrees  toward  the  median  plane; 
and  when  they  are  very  loud  and  near,  tbe  tone  may  seem  lo  be  In  the 
bead.  Return  the  forks  to  their  flrsc  position  and  then  move  one  a  little 
nearer  or  a  little  farther  away,  and  notice  that  the  sound  moves  to  the 
side  of  the  nearer  fork.  When  the  difference  in  distance  has  become 
considerable  that  fork  alone  will  be  beard-  h.  Bring  the  forks  again 
into  the  positions  last  mentioned— one  near  and  one  far,  (or  better, 
place  one  fork  on  a  rubber  tube  one  end  of  which  has  been  Inserted  In 
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,       njr  of  the  ear  and  hold  the  other  fork  before  the  other  ear) ,  and 

then  with  tne  free  or  more  distant  fork  make  slow  rythmical  motloDS 
toward  and  away  from  the  ear,  or  rotate  the  fork  slowly  about  Its  long 
axis,  nttending  meautime  to  the  fork  on  the  other  side.  Alternate  van- 
Btiona  in  the  Intenplty  of  the  tone  of  this  fork  corresponding  to  the  ap- 
proach and  recession  of  the  other  and  apparently  unheard  fork  can  be 
beard,  c.  Repeat  h  and  notice  that  when  the  changes  In  Intensity  are 
considerable  there  is  a  simultaneous  shifting  of  the  place  of  the  tone, 
toward  the  median  plane  when  the  tone  grow?  stronger,  and  away  when 
It  grow.*  fainter.  These  changes  of  place  are,  however,  lesft  marked  thaD 
changes  In  Intensity  and  thoBe  accompanying  slight  changed  in  Intensity 
generally  escape  observation. 

Cf.  Schaefer,  >Uir  lutenurrAleu  LAkalJaatiniidlotlflcber  WahrDehmuoKvn.  Z«liactirlfUrflr 
Pn-cbolofrir,  I,  1990,  300-309;  aU>  SUvaoua  P.  TbnmpHoa,  On  Ulnaural  Audition.  PbO. 
Max.  SerVs  A,  IT  (Julf-Dec..  IBTl)  274274;  VI  (July-Dec..  1878>  MS^l.XU  <Ju]y-t>ec« 
lB81)a51HU;Oo  tbfl  Fuoctloo  of  Uw  two  Kara  In  the  FeroepUoB  ot  &pao«,  XllitJan.* 
JitiPTy  1833>  4WS-416;  aud  ch«  referonoea  glreo  by  (beM  two  auUion. 

Beats  heard  with  the  two  e&rs.  a.  Operate  as  tn  Ex.  93  a,  with 
beating  three  or  four  tiroea  a  second,  b.  Try  with  a  pair  of  very 
beating  forks  (once  in  two  or  three  secouds).  Notice  a  shifting  of 
the  sound  from  ear  to  ear  corresponding  to  the  rate  of  beating,  c.  Frv 
agsln  with  a  pair  of  rapid  beating  forks  (twenty  or  thirty  a  second)  ana 
notice  that  the  beats  are  beard  la  both  ears. 

Bch^fer,  op.  cit.  aJ«o  Uebrr  die  WahmebiuimK  und  LocallaaUoD  von  Bobwebo&iCfln 
vad  DlffvMiuttriiu^o,  Zetft.  f .  Piy.  1.  IBOO,  81— flS. 

95.  Diil'erence  of  location  helps  In  the  analysis  of  ftimultaoeoui 
tones.  Comi)are  the  eaae  with  which  the  tones  of  a  pair  of  octave  forks 
are  distlneuished  wlion  the  torks  are  held  on  opposite  sides  of  the  head 
With  the  difficulty  of  analysis  in  £x.  7UA. 

Cr.  Btumpr,  op.  cit.  It.  3U,  363. 

96.  Judgments  of  the  direction  of  sounds.    These  depend  In  general 
in  the  relative  luteoalty  of  the  sounds  reaching  the  two  ears,  but  there 

pretty  good  reason  to  believe  that  other  things  co-operate  and  that 
ferably  correct  judement^,  tmth  as  to  distance  and  direction,  can  eocoe- 
uea  be  made  from  the  sensations  of  one  ear.  a.  Let  the  subject  be  seated 
th  closed  eyes.  Snap  the  telegraph  <;nfipper  at  ditlerent  points  In  space  a 
t  or  two  (lii^Unt  from  his  head,  being  very  careful  not  to  t)etray  Ita 
iitlou  in  any  way,  aud  require  him  to  ludk-ate  the  direction  of  the 
and.  Try  points  both  In  aud  out  of  the  median  plane.  Observe  that 
le  subject  seldom  or  never  confuses  right  and  left  but  often  makea 

Sross  errors  Lu  other  directions.  Constant  tendencies  to  certain  loci^ 
ons  are  by  no  means  uncommon,  b.  Have  the  subject  hold  his  handa* 
_  "oat  the  *ides  of  hU  head  like  another  pair  of  ears,  hollow  backward, 
and  try  the  flVect  upon  his  Judgment  of  the  direction  of  the  snapper,  o. 
Find  approximately  how  far  the  snapper  must  be  moved  vertically  from 
the  following  points  in  order  to  make  a  jnst  observable  change  In  loca- 
tion :  on  a  level  with  the  ears  in  the  metlinu  plane  two  feet  in  front ;  op- 
posite one  ear,  same  distance ;  In  the  median  jilane  behind  ttie  head,  same 
distance.  Find  the  Just  observable  horizontal  displacements  at  the  same 
points.  A  convenient  way  of  measuring  the«e  distances  U  to  clamp  a 
yard-etlck  to  a  retort-stand,  bring  It  Into  the  lino  along  which  measure- 
ments are  to  be  made  and  hold  the  tmapper  over  the  divisions  of  the 
itlck.  Snap  once  at  the  point  of  departure,  then  at  a  point  a  little  way 
distant  lo  the  direction  to  be  studied  ;  again  at  the  first  point,  so  that 
the  aabject  may  keep  It  In  mind,  and  then  at  a  point  a  little  morrdi^tant, 
and  so  on  till  a  ^oiut  ie  finally  found  which  the  subject  recognizes  as 
Jnst  observably  dlfTerent.  Repeat,  alternating  snaps  at  the  point  of  de- 
parture with  those  at  a  greater  distance  than  that  juat  found,  decreasing 
the  latter  till  a  point  Is  found  where  the  directions  can  be  no  longer 
dlsttDgnlahed.    Make  a  number  of  tests  each  way  and  take  tltelr  average. 

10 
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d.  Contlnaoos  simple  tones  aro  very  dlfBculc  to  locate.  Place  a  uioiDg- 
fork  on  Uh  reflonauve  case  at  some  dlBt-aiice  In  front  uf  tlie  subject  (seated 
with  closed  eyes),  another  at  ao  equal  distance  livlilnd  blm.  With  the 
help  of  an  assistant  strike  both  forks  and  after  a  little  have  one  of  them 
■topped  and  the  mouth  of  Ite  resonance  box  covered.  Require  the  sub- 
Ject  to  say  which  has  been  stopped.  His  errors  will  be  very  frequent. 
Compare  with  this  his  ability  to  dlatlngulah  whether  a  speaker  U  before 
or  behind  him. 

Of .  on  a  Prercr.  Dfe  WaiiriiebrouiuE  der  Scliftltrlcbtung  DitctelA  der  BoceoclM*.  FM- 
cei'*  ArohlT.  1BB7;  also  r.  KrlM,  Vebnr  du  EritaQoeo  der  SdiallrlehtuoK.  Ze«.  f.  Pnr.  I, 
ISM,  BS-Sftl.  Oo  «  cr  Matuberbenc,  Waiinnlnn  do*  Ohms,  Bettrtn  xur  irxparlin«atai]aa 
Fqroboloffle.  H«fL  II.  ISW.    KayleDcta.  Nuum,  XIV,  1878,  t2. 

97.  Intcrcranlat  loeatiou  of  sounds,  a.  Sounds  orlglnatinf^  outside 
the  bead  are  not  located  In  tlie  bead  when  heard  with  one  ear.  Hold  a 
loud  souodiug  tuuiQfC  fork  near  the  ear  or  place  It  on  a  rubber  tube,  one 
end  of  which  is  iuHcrted  In  the  opening  of  the  ear,  and  notice  that  the 
sound  when  strong;  niuy  be  locut<^  in  the  ear,  bnt  does  not  penetrate 
farther.  Insert  the  other  end  of  the  tabe  In  the  opening  of  the  other 
ear  and  repeat.  The  tone  If  loud  will  appear  to  come  from  the  Inside  of 
the  head.  Removing  and  replaolns  the  fork  several  times  will  help  to 
give  deflnlteness  to  the  location,  o.  Repeat  thn  experiment,  bat  use  a 
fork  sounding  as  faintly  as  possible  (e.  |7.  set  In  vibration  by  blowing 
smartly  agsliiBC  it),  and  notice  that  the  location  when  a  single  ear  re- 
ceives the  sonnd  Is  not  so  clearly  In  the  ear,  and.  when  both  receive  it,  not 
BO  clearly  in  the  head,  perhaps  even  outside  of  U.  Cf.  also  Ex.  98  &. 
These  experiments  may  also  be  made  with  beating  tones  Inatead  of  a  sin- 
gle one. 

Cf.  Schaeter,  ep.  eft.  uod«r  M. 

98.  Location  of  the  tones  of  tuning-forks  pressed  against  the  bead. 
a.  Strike  a  large  and  loud  Bounding  tuning-fork  and  press  its  stem 
against  the  vertex.  The  tone  will  seem  to  come  from  the  interior  of  the 
head  chiefly  from  tlie  back.  WliUe  the  fork  is  In  the  &ame  position  close 
one  of  tlie  cars,  not  pressing  it  too  tight;  the  pound  will  immediately 
seem  to  concentrate  In  the  closed  ear.  Have  an  a^plstant  manage  the 
fork  and  close  the  ears  alternately.  Something  of  the  same  Idnd  hap- 
pens when  a  deep  note  Is  sung;  close  drat  one  ear  and  then  both  and 
notice  the  passage  of  the  tone  from  the  throat  to  the  ear  and  flually  tc 
the  middle  of  the  head.  b.  Have  an  assistant  manage  the  fork  and  close 
both  ears.  Notice  that  when  fork  Is  pressed  on  so  bs  to  make  the  tone 
load  the  intercranlal  location  U  exact,  but  wlien  the  pressure  Is  relaxed 
and  the  tooe  is  falut  the  loiation  tends  to  be  extracranial,  c.  Try  set- 
ting the  fork  on  other  places  than  the  vertex.  Notice  that  In  tlie  oo- 
ctpTtnl  and  parietal  regions  the  sound  appears  In  the  opposite  ear.  d. 
Take  a  long  pencil  In  Uie  teeth  like  a  bit  and  rest  the  stem  of  a  tuning- 
fork  vertically  on  it  near  one  end  and  close  the  ear  on  the  other  side; 
the  sound  will  seem  to  be  located  in  the  closed  ear.  Tlien  gradually  tilt 
the  fork  backward  toward  a  horizontal  position,  keeplnglt  in  contact 
with  the  pencil  till  Its  tip  Is  opposite  the  open  ear.  The  tone  will 
change  Us  place  from  the  closed  to  the  open  ear. 

Ob  a  aod  6  cf.  8cliaeC«r,  op.  eit.  under  M;  on  e  cf.  Tliomp«oQ,  »eoD(id  ankle  referrod  to 
uoderM. 


PSYCHOLOGICAX    LTTERATURE. 


8SS 


I 


PSYCHIATOT. 

ilCBOSES  FOLLOWTKO  ACFTK  SDROICAL  AND    MENTAL  AFTEOTIONS 
AND  I«  MULTII'LE  NEtrRlTIS. 

By  Willum  Noiu,  M.  D. 


Tntrndurtory  Note.  Comparntlvely  llttlo  attention  has  been  f^iven  to 
the  monul  coodltion  in  this  class  of  aflectlonB,  and  the  ItnportaDce  of 
the  subject  stif^gests  the  advantage  of  presenting  at  some  little  length 
the  more  recent  oplnionB  of  different  wrltera.  It  1b  the  description  of 
the  mental  state  of  patients  suffpring  from  the  disorders  Co  which  atten- 
tlon  is  e«peclally  directed,  and  there  can  be  but  itttte  doubt  that  it 
would  be  A  great  gain  to  psychiatric  nomenclature  if  Prof.  Wood's  title 
of  Conf}uiional  Insanity  could  be  gi-nerully  adnpt«>d.  Under  such  clrcum- 
itances,  *•  Confuslonal  Insanity  Following  Typhoid,"  or  **  Confuslonal 
Icsanity  after  Hysterectomy,"  would  deslguaic  a  distinct  clfntcal  euiity 
and  would  occupy  as  proper  a  place  in  stAtistlcs  and  classlticatlona  ai 
"  Dementia  Secondary  to  Mania."  Prof.  Wood's  description  of  the 
mental  state  Is  a  peculiarly  graphic  and  vigorous  one,  and  merits  a  per- 
manent place  in  literature.  It  will  be  noted  that  Wood  and  KorsaJcofi 
takes  opposite  views  as  to  the  etiology  of  affection,  for  Korsakoff  states 
that  hie  cerfhropalhy  occurs  also  after  cxhauntltig  diseases,  bo  that  he 
and  Wood  are  evidently  describing  the  same  afiection.  The  occurrence 
of  the  allectlon  In  multiple  nenriclB,  a  distinctly  toilc  disease,  goe-i  far 
towards  bejirlng  out  Korsakoff's  views,  and  yet  Wood's  argumcnta 
against  the  toxic  origin  after  acute  surgical  affectlnDS  certainly  hare 
much  weight.  While,  then,  we  may  not  at  present  look  on  the  etiology 
as  settled,  there  will  be  much  gained  if  a  distinct  clinical  picture  can  oe 
agreed  upon. 

InMnUy  afUt  Atviie  Surgical  or  Medical  Affections.     H.  C.  WOOD,  U.  D. 
Uairereity  Medical  Magazine,  Oeccniber,  1889. 

The  author  deprec»te«  a  tendency  in  writers  on  Insanity  to  recognize 
as  distinct  diseases  several  varieties  of  mental  disorder,  which  h(t  thinks 
should  be  viewed  simply  as  symptom  groups.  Tlie  evldeni^s  of  mental 
di*»or(ler  may  vary  when  the  tjniio  It^wloii  Is  apparently  the  same,  so  that 
an  Individual  case  may  appear  to  bt.*long  now  to  this  and  nuw  ttiat 
special  Insanity.  Congestion,  even  active  congestion,  may  go  hand  la 
band  with  exhtustlon,and  failing  nutrition  even  predisposes  to  local 
aMuxes  of  blood,  by  producing  weakness  of  the  vessels,  and  according 
as  DOW  this  and  now  that  region  of  the  bruin  is  invaded  by  these  locd 
changes  In  circulation,  so  will  the  synnptomf*  shift  from  day  to  day. 
The  fact  that  two  cases  for  a  time  prevent  similar  manire8UtIf>nj*  Is  uo 
proof  that  they  are  essentially  the  same  In  their  underlying  cerebral 
condition,  and  the  circumstance  that  they  offer  diverse  symptoma  Is  oo 
proof  that  they  are  essentially  unlike. 

Wood  believes  that  although  insanity  following  acute  disease  varlea 
greatly  la  Its  symptomatology,  that  in  aUuot^t  all  the  cases  there  Is  one 
common  fundamental  brain  condition  and  that  this  fundamental  bralo 
condition  bear?  uo  speclflc  relation  to  the  disease  whlcli  lias  prwluced  it, 
bat  may  be  the  outcome  of  an  altered  nutrition  produced  by  an  exan> 
thematous  disease,  like  typhoid  fever,  or  by  a  diathetic  disonler,  like 
rheumatism,  b}'  an  accidental  traumatism,  or  by  a  surgical  operation. 
There  are  etiological  and  symptomatloal  reaaons  for  bcllevlDg  that  these 
laianttLes  after  acute  disease  are  Identical  In  their  nature. 

Stioloffieal.  If  we  believe  that  the  insanity  has  a  specific  relation  to 
the  poison  of  the  disease  which  It  has  foMovted,  we  mast  consider  that 
there  axo  at  least  a  half  dozen  speclflc  insanities  connected  with  acute 
Aheates,  a  very  improbable  supposition.    The  symptoms  develop  at  a 
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poiioa,  Mch  M  ddldbtrth,  trmiuniiHi.  MrglaU  faiortee,  ftrerm,  Ko., 
wMefa  sra  foUowed  by  Insuw  ootbceafc*,  fa>Te  on*  Inn  aeocc  in  coouDOn, 
L.  e.,  tbej  kU  wtul  to  exluost  or  lin|Mlr  the  mitrUlon  of  the  anm 
ocntert,ftad  It  U  knowo  thst  Impainaeac  of  the  uatrttioa  of  the  eeoten 
br  lack  of  food  oombtDed  with  uuderr  fat  onpoMe  oi  ganaimr  flTntpanm 
wnDnr  to  ihoac  which  &re  preaenc  In  ntMrnmw  dnrntopnd  aner  dlMMe. 

SgmUimalti  II r,  Thoo^h  the  csms  vary  much  la  uielr  deULU.  lbs 
IpBcral  loopeof  tbe  lymptoms  and  the  general  oooneoC  thedlaonler 
AM  HwHirali  There  la  always  menial  coafulon,  a  ndxtare  of  exGli»> 
meoft  and  mental  power;  and  tbe  eaaea  oearlj  alwaj*  end lo  coinpieM 
recotei'y  Iroaa  oncaolc  dtaeaee. 

Woodeocnpafei  thia  oooditlOD  to KraffUEbiiig'i  '*  Stupor;  or  PriiDary 
OvnMa  DenentSa,**  which  is  a  coDditioa  of  cerebral  exhanstioo  in 
wtakb  there  la  afano»t  comptece  paralfsia  of  the  mental  functions  with 
loia  of  nenre  tooe  la  every  pornoo  of  tbe  body,  so  that  ihe  pAtieoC 
reaaina  In  a  oondltioD  of  more  or  teea  prof  ooad  aiopor  or  stupidity,  with 
Bhiftinff  or  kaieldoacoptc  anoowllea  of  motor  ana  raao-mocor  Inoerra- 
tloo,  and  at  limea  aUo  girea  evfdencea  of  delirianL,  or  of  halluclnatlona. 
Thia  primary  dementia  may  be  produced  by  atamcioa,  by  profound 
emotional  ihock,  by  dlseasea  of  the  bacal  blood  reasela,  and  It  la  aaaerted 
•f«a  bj  injuries  to  the  head  (?).  If  old  xgCy  ayphilia  or  goat  has  pro- 
dnoed  ezoeaslre  de^eoeraLioD  In  the  cerebral  blood  ressel^.  or  if  an 
eaockmal  shock  ha-4  beeo  so  severe  as  to  permanently  alter  the  Dutrl* 
tlon  of  the  oen^hral  uerve-celle,  this  so-called  ^^  Curable  Dementia  ^  may 
be  an  lacurabie  affection. 

Kraflt-Ebing  alao  recognizes  onder  the  name  of  Wahnstnn  an  aiTectlon 
which  haa  been  known  to  English  and  American  writers  as  ^*  Deluaional 
Stupor,"  "Mania  B&lloclnatorla^**  ^^ Coofuslooal  Insanity,"  etc.,  in 
which  there  is  active  delirium  associated  with  an  extraordinary  abund- 
ance of  hallucinationfi  present  In  every  sense  regioui  and  with  a  great 
weakneas  of  the  whole  uervoos  ayatem,  as  shown  by  pronounced  loss  of 
mental  power  almost  amuuotlog.  It  may  be,  to  imbecility,  by  a  teudency 
to  stupor,  by  lack  of  muscular  power,  and  by  failure  of  uerTe>toDe  in 
every  portion  of  the  organism.  Krafft'-Ebing  coaslden  that  the  two 
afTccMoag,  IVahiisinn  ana  Priniar)-  Curable  Dementia  clinically  grade  into 
one  another,  aud  that  the  underlying  brain  afl^tlon  Is  similar  In  eadl 
aflectioQ.  Wood  believeft  that  thei;c  two  ao-called  diseaacs  are  merely 
diverse  manifc^utions  nf  one  and  the  same  pathologica]  condition,  and 
that  they  should  be  cousideri'd  as  one  disease,  and  he  suggests  that  the 
name  Cotyfusionai  Insahity  be  given  to  the  condition  because  It  Is  already 
familiar  to  many,  has  no  pathological  import,  and  expresses  a  symptom 
which  is  not  only  common  to  all  forms  of  the  disease,  bat  Is  a  necessary 
outcome  of  the  pathological  state. 

In  various  chronic  diseases  attended  with  great  iKxlily  and  mental  ex- 
hiiustiou,  the  brain  tissue  gradaally  passes  Into  a  condition  o(  perverted 
and  exhausted  nutrition  similar  to  that  of  Confuslonal  Insanity.  In 
long  drawn  out  CAses  of  consumption  there  Is  often  a  gradual  impair- 
ment of  the  Intellect,  associated  with  a  super-activity  of  the  Imagina- 
tion, and  especially  during  ttic  night  the  patient  becomes  dellnous. 
Almost  every  history  of  shipwreck,  followed  by  long  exposure  aud 
starvation,  affords  examples  of  falling  mental  power,  accoiijpaiiie<l  by 
Increasing  activity  of  the  Imagination,  until  desire  .ind  thou^ht-pivtures 
give  rise  to  bulluclnatlons,  which  are  at  tlrat  recognized  by  the  iufferer 
to  be  false,  but  Anally  lure  him  to  leap  overboard. 

Tbe  underlying  nerve  condition  in  each  of  tliese  cases  Is  one  of  a  pe- 
culiar exhaustion,  and  It  would  appear  tnat  almost  any  form  of  acute 
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exhaa^ttng  dlBCAse  may  be  followed  by  ft  flimUar  mental  state-  Wood 
haa  reported  a  ca^e  of  ao-«alled  acute  ROuT-y  Insanity  whlcli  he  consid- 
ers repreaented  primary  dotueutla,  the  Ktopor  form  of  coafuslonal  insan- 
ity, and  to  his  miad  K^*ity  aud  rheumatic  insanity  are  probably  almofit 
aivrays  repreaeniutive:^  of  tUU  disease. 

Confualoaal  insanity  follow*  typhoid  fever  not  very  Infrequently,  and 
probably  confltitutcs  the  bulk  of  the  oases  commonly  named  puerperal 
mania.  To  It,  al90,  belongn  the  so-called  surj^lcul  Insanity.  Within  one 
ye&r  Wood  saw  it  develop  after  ovariotomy,  perineorrhaphy,  and  after 
the  removal  of  the  breast  for  cancer.  Ii  may  also  be  due  to  emotional 
strain,  especially  when  thia  is  sudden  or  accompauiud  by  ezbuuBting 
clreumstAnees. 

Id  the  mUde«t  caacB  of  mental  diitordcrs  after  acute  exhaustlnz  dlseMS 
the  only  symptoms  may  be  cnfceblementof  the  general  mentalpowerB. 
In  many  cashes  the  original  mental  constitution  is  recovered  very  slowly, 
beiug  p'osAlbly  slower  In  mild  than  In  scvero  cases.  This  mental  enfee- 
blement  may  be  associated  with  depression  of  spirits,  but  this  Is  not  ao 
iatense  or  so  overpowerlnji;  a^  In  melancholia,  and  the  emotional  dis- 
turbance is  not  llie  doniiriiint  elenmni  in  the  case.  When  confu'^iou.'il 
Insaniiy  Is  fully  developed  there  is  almost  Invariably  a  f^enenil  lack  of 
nerve  tone,  as  shown  by  a  feeble  circulation  and  coldness  of  the  extrem- 
etles.  by  eeu^ral  muscular  relaxation,  and  by  failure  of  the  digestive 
power.  The  temperature  varies  in  different  cases.  It  may  be  normal, 
but  iu  severe  cases  there  is  usually  either  an  habitually  low  temperature 
or  a  marked  tendency  to  paroxysms  of  Hul>-normal  temperature.  Od 
the  other  hand  there  may  be  a  very  distinct  febrile  reaction,  especlHlly 
Been  in  piK^rperal  cases.  The  teniperatnre  curve  is  often  remarkably 
Irregular.  The  mental  Hyniptoms  may  ^eem  to  be  contradictory,  since 
many  of  them  are  those  which  are  commonly  believed  to  be  the  outcome 
of  paralysis  of  cerebral  functions,  and  others  are  such  as  are  son)etlme8 
thought  to  be  evidence  of  excited,  though  perverted  cerebral  activity. 
In  the  first  group  belongs  that  depression  of  consciousness,  which  In  its 
mildest  forma  may  be  shown  only  by  a  peculiar  quietude  and  by  apathy, 
but  which  in  varying  degrees  of  greater  severity  manifests  Itself  by 
stui)or,  ever  growing,  as  the  dlseaao  becomes  more  severe  iu  intensity, 
until  it  deepens  Into  a  complete,  persistent  loss  of  consciousness^ 
Another  outcome  of  cerebml  weakness  Is  the  peculiar  mental  confualon 
which  Is  the  most  cbaractcri>;ttc  manifestation  of  the  disease.  It  may 
reveal  itself  ctilefly  in  the  fuabllity  of  the  patient  to  talk  coherently  and 
persistently,  words  dropping  out  nf  the  sentenco  or  t>eing  uttered  Im- 
I>erfeotlr,  because  the  mind  la  unable  to  get  the  right  word,  ideas  chang- 
ing In  the  middle  of  a  seuteuce,  becau^  the  power  of  couflning  the 
atc-ntioQ  to  one  consecutive  line  of  thought  I-t  lost,  so  thnt  the  iicutmpt 
at  conversation  on  the  part  of  the  patient  re^iuits  in  h  iumble  of  half 
seoteDcea,  clauses  and  words,  hopelessly  intermixed  with  one  another. 
Even,  however,  Iu  mild  cases  of  disease,  the  mental  confusion  usually 
manifests  itself  not  merely  In  the  Inability  of  the  patient  to  bold  a  con- 
nect^ couverf'atlon,  but  In  his  wniit  of  power  to  appreciate  persons  and 
things  about  him.  In  the  most  extreme  instances  no  objects  or  faces 
are  reooguized,  and  even  in  the  very  mild  forms  of  the  disonler  the  pa^ 
tient  may  recoff uize  some  of  his  friends,  yet  be  unable  to  place  himself, 
lD«l9tlng  that  lie  is  away  from  home,  and  pathctlcaUy  lH>.gglng  to  be 
taken  to  his  own  house.  The  confusion  of  the  patient  Is  not  altogether 
the  outcome  of  pure  mentJil  weakness,,  but  Is  usually  In  part  due  to  the 
extrordinarily  numerous  and  vivid  hallucinations  which  afleot  all  the 
■enses,  nud  compete  for  recognition,  by  tlie  consciousness,  with  im- 
pulses which  n'ally  orlglnare  in  ('xternHl  objects. 

Tlie  delirium  is  con)moaly  mild  and  lacking  In  aggressiveness,  but  It 
may  take  ou  a  vary  actU'e  form,  or  the  patient  may  oe  habitually  quiet 
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bat  subject  to  paroxysms  of  fary  resembUoK  those  of  acute  manU. 
More  commonly,  however,  noderlylog  even  the  aggntalTeBeM  tad 
violence,  there  U  a  foundacioD  of  fear  which  often  reflemblea  ttiatof 
delirium  tremens,  and  when  with  this  condilton  of  fear  there  !•  aui»> 
elated  distinct  tremulousoeM,  the  likeness  to  delirium  tremens  Is  rery 
proDOonced;  indeed.  Wood  believes  that  delirium  tremens  aboald  be 
considered  a  form  or  variety  of  confoslonal  insanity. 

Very  rarely  ouf^ht  there  to  be  any  trouble  In  recognlziiic  the  true 
nature  of  eoufusioiuLl  insanity.  The  hi.^tory  of  the  attack^  the  knowl- 
edj^e  that  the  outbreak  was  preceded  by  au  exhausting  diaemse,  truuma- 
ttstu  or  emotion,  the  failure  of  bodily  nutrition  and  of  ^neral  nerve 
force,  the  lack  of  dominHni  emotional  excitement,  the  stupor,  the  pecu* 
liar  mental  confusion,  the  kaleidoscopic  character  of  the  halluelnatlooa, 
make  diaf^osla  easy.  The  propioais  la  favorable.  Krafft'Kbinjr  g«U 
70;;.  of  recoveries,  and  In  Wood's  cates  even  when  the  mental  confuaon 
has  umuuDted  to  complete  and  ab^ulule  iinbeciltty;oomplete  rec^oveiy  bu 
almost  invariably  occurred,  provided  there  have  been  no  preexisting 
organic  bodily  lesions,  such  as  unsound  kidneys,  or  degenerated  arte- 
ries. Death  may,  however,  occur  In  complicated  cases.  If  the  mental 
recovery  be  not  complete,  the  result  Is  lack  of  mental  power,  but  never 
a  so-calied  reasoning  ltts.aulty.  never  a  state  resembling  that  of  paranoia. 
Wood  cites  five  caseii  llluacrftting  his  conception  of  coafosional  huantty : 
2.,  after  childbirth;  II.,  after  removal  of  the  breast  for  Oancer :  ni., 
after  perlneorraphy :  IV.,  after  typhoid;  V.,  after  loss  of  sleep  from 
nnrsing,  combined  with  anxiety.    All  the  patients  rec0Terc4. 

CoMS  of  I'ota-Pebrile  Intanity,  William  Osleb,  M.  X>.  John  Hopkins* 
Hospital  Keporu,  1800,  II,  46. 
This  article  Is  written  to  give  Illustrative  cases  of  Wood's  Confoslonal 
Insanity,  where  there  is  one  fundamental  bralo  condition,  via:— Im- 
pairc<l  nutrition  with  L-onM*nuent  exhaustion  of  the  nerve  centrea.  Oder 
refers  to  the  articles  by  Shepard  (Am.  J.  Med.  Sciences,  Dec.,  1888), 
and  T.  Galllard  Thomas  (Medical  News,  1889^,  and  reports  five  cases: 
-  lo    Pneumoula.    ('low  convalescence  with  development  of  halluclna> 

tlous  aud  delusions. 
n.    Typhoid  fever;  severe  attack  with  much  delirium.    Mania  during 
I'Onvalepcence.     Gradual  recovery  after  four  mouths. 
m.    Typhoid  fever  of  moderate  severity.    Development  of  delnsloui 

during  convalescence.    Kccovery  after  six  weeks. 
IV.    Typhoid  fever,  mild  attack.    Oraaual  dovolopmcot  of  delusions. 

Slow,  baltlog  speech.    Recovery. 
V.    Typhoid  fever,  severe  attack.    During  convalescence  development 
of  detusious.    Persistence  of  mental  symptoms  for  ten  weeks. 
Recovery . 
Prognosis  usually  good.    Of  the  seven  cases  seen  by  Osier  five  after 
typhoid  and  two  after  pneumonia,  six  recovered  and  tlie  seventh  seemed 
lUtely  to  recover.    Patients  should  therefore  he  cared  for  at  borne  If 
possible.    Seclusion,  Incessant  watchfulness,  absolute  rest  In  bed.  with 
massage  and  careful  feeding  are  indicated.    In  the  cases  where  die  tem- 
perature  is  mentioned  this  had  fallen  to  normal  before  the  mental 
symptoms  came  on. 

Osier  does  not  attempt  to  add  to  Wood's  deaorlpUon  of.  the  mental 
state  of  these  patients. 

Acute  Con fusional  Insanity.  CONAIXT  XORlCAK.  Dublin  Jouroal  of  Med- 
ical Science,  1890,  I,  oO<J. 
Norman  claims  that  t!il>»  form  of  insanity  Is  not  recofi;nl7.ed  in  Eng- 
land. He  agrees  wlih  Salgo  tliut  acute  coufustou  Is  the  most  Cfmiuou 
of  all  forms  of  insAnity,  although  Salg('>'s  definition  U  too  wide  accord- 
ing to  Norman,    it  would  come  between  the  acute  mania  aud  acute 
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rprimary  dementia  of  Plnel.  It  U  a  condition  of  mental  disturbance  of 
coiuparfttlvoly  rapid  onset,  characterized  by  dream-lilce  eiieagemeut  of 
consciousness  ami  a  tendency  to  abundant  hallucinatioDg  oi  one  or  more 
Knsec.  As  the  confusion  or  the  hallucinationK  predominate  the  case  re- 
semblea  acute  dementia  or  mania  (melancholia.)  PredomlnaDce  of  con- 
fusion correeponds  to  the  delaslona!  stupor  of  Newlngtou  ;  predominance 
of  hallucinations  corresponds  to  Menders  hallucinatory  mania.  Norman 
finds  hallucinations  less  frequent  than  other  authors,  aiid  (juotesMeynort 
as  giving  up  the  term  acule  halliucinatory  in.tanlty  (Wahn^ltm)  for  con* 
fasTon.  Itisacuteln  onset;  in  form,  acute  or  peracute»  more  freoucntly 
eab-acnte.  True  chroniclty  hardly  exists,  except  In  uncurea  casea 
lapsiuK  into  secondary  mania.  Usually  begins  with  hallucinations. 
Recovered  patients  speak  of  a  dreamy  obscuration  of  the  mind;  this 
frequently  escapes  obwrvation.  ConaciousDCSS  profoundly  affected; 
ODorieuted;  confuted  as  to  time;  varying  and  dl^connpcted  delusions  flit 
through  the  mind,  which  are  accepted  ai»  we  accept  dreams.  Ilallucl- 
Dfttions  may  be  pleasant  or  the  reverse,  following  the  emotional  stste  of 
the  patient.  Emotional  state  generally  Indifierent,  without  pleasure  or 
patn.  Emotional  condition  variable  as  dtstlngalshed  from  mania  or 
nielancliolia,  sometimes  gay,  pad,  anxious,  angry,  tender,  or  all  these 
things  togetiier  or  In  most  rapid  succession.  Emottoaal  disturbance  iB 
a  reactive  one,  arliiln|2;  from  the  nature  of  the  bJallucinatloas.  Acts  oa 
well  as  reelings  arc  dictated  by  hallucinations.  KpiM>dic  reactive  statM 
of  emotional  excitement  or  motor  regilessness  are  apt  to  be  followed  by 
periods  of  Increased  confusion,  deepening  Into  stupor,  or  stui>orous  coo- 
dltions  Intervene  directly.  Agrees  with  Krafll-Eblug  that  acute  con- 
tuflonal  Insanity  Is  essentially  a  condition  of  brain  exhaustion,  and 
probably  due  to  brain  anaemia  or  malnutrition  of  cortex.  Patient  !■ 
oSuBlly  feeble  and  anaemic,  or  hag  recently  (buffered  f rom  some  exhausCF 
log  disease.  This  Is  more  often  than  any  other  the  form  of  psychical 
disorder  aasoclatod  with  diseases  not  primarily  aflectlng  the  nervous  cen- 
tres. Puerperal  Insanity  U  generally  of  this  form,  and  the  same  of  the 
Insanity  of  rheumatism,  and  the  delirium  of  fevers  oceaRionally  passes 
directly  Into  acute  confusion.  Prolonged  lactation,  chronic  suppurative 
affections,  diseases  of  the  stomach  and  of  the  lungs,  especially  phthlsiSt 
have  a  strong  predisposing,  If  not  exciting  Influence.  Krafft-Eblug  de- 
scribes it  as  arising  In  prinoners.  Norman  has  fnaud  it  associated  with 
Dostol^in.  Also  occurs  in  cases  of  spxuhI  excess  or  irregularity,  gener- 
ally with  hiilluclDatlons.  One  case  followed  mental  Rhock;  and  it  is  to 
be  noted  that  the  most  common  form  that  Insanity  takes  when  It  folloirs 
sodden  shoi'k  is  the  kindred  one  of  acute  dementia.  Xorman  confllders 
the  well  marked  form  of  Insanity  following  drink  as  acute  confusional 
Insanity,  which  Is  usually  described  as  something  between  delirium 
tremens  and  acute  mania.    There  Is  loss  of  orientation,  drenm-Uke  Ino- 

Jialrment  of  consciousness,  and  numerous  ballad  nations.  Dreamy  con- 
nalon  Is  more  common  In  women.  James  Ross  has  described  a  confu- 
sion chnracterlstlc  of  dementia  accompanying  alcoholic  neuritis.  Wig- 
elesworth  confirmed  Ross's  observation,  and  In  1887  KorsakoflT  deacrlbwl 
In  connection  with  ah'Ohollc  neuritis  a  *'form  of  confusion  with  ex- 
tremely characteristic  mistakes  In  relation  to  space,  time  and  situation/' 
The  onset  Is  often  acute.  The  Insanity  which  comes  '^out  of  sleep"  is 
always  of  this  type.  ThU  brings  it  Into  line  with  that  state  occaMonally 
present  in  the  sane  and  especially  In  those  of  neurotic  tendency  and  In 
eplleptlc«,  called  by  Cermans  SrhfaPcrankhfiU.  Duration  may  be  shorti 
lasting  nnly  a  few  days  or  -a  few  hours  In  abortlvif  cases  (as  in  some  cases 
of  menstrual  disturbance),  as  Krallt-Ebing  points  out.  Krafft-Ebliig 
pats  bis  recoTerles  at  70%.  Cases  which  are  about  to  recover  occasion- 
ally pass  Into  a  state  resembling  acute  mania,  Arst  observed  by  Ueynert, 
who  thought  that  the  function^  hypeiaemia accompanying  themanlacal 
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Prof,  M ftlrvt  itwlleii  the  mode  of  eTolotion  of  tn»nit7-foIloirlD|r  oprr^ 
Mkwa  ntlKr  tluo  ibe  form  of  Che  in^aaUy  Ic«e1f.  He  adds  oa«  o*««  to 
Ikw tore,  tfamt  of  a  wonuii  of  i2  who  became  iD«aiie  Chrev  dajs  alter  s 
topfOtowy.  PatlcDt  mn*  intelligent  and  Tirsciooft,  tmt  wltboot  lwr«dl- 
Wf  or  d^|r«nftrsUve  Derroiu  talou  At  23.  alter  ctiildbUtb,  ?tae  Eoffered 
frooi  altafka  of  hyiteria  with  eyocope,  without  ab«o)Qie  loss  of  Ls>n- 
•dloVHMHa,  bat  with  deluftloDal  troobles  foUowtuj;.  and  hallaclaaUons  Of 
AflM  and  bearing;  attacks  ■ometltaM  lasted  miuatf^,  at  other  timea 
DOVn;  Uoables  appeari^d  with  meiues.  Intellect  onlnipalrNi,  and  fshc 
rMalnad  lb«  inaiiaffem''ot  of  her  hoatehold.  At  39  abdominal  trouble 
•Mi«ar«d,  nMfMltating  luparutomj  threr  years  later.  Three  dajrs  after 
tw'o\ti'TAt\nn  began  to  laagh  without  motive  aad  to  have  halluelDartim.i 
of  UfHiiuic-  DelufiooB  lucreafied  and  padeul  admitted  to  asylum  thrne 
monCb*  and  a  lialf  after  o]>eratlon.    Torpor  and  Intellectual  wandering 
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frere  most  noticeable.    Marknd  fnilare  In  natritlon.    Refused  to  eat. 
Died  of  exhaaatlon  35  days  nfter  admlKsion. 

Mairet  raises  the  questfoo  whether  the  Kudden  appearaoee  of  the  men- 
tal trouble  after  the  operation  whs  ftimply  a  coincidence,  or  If  the  oper- 
ation had  a  distinct  eliolo^cal  relntion,  and  dceldea  in  favor  of  the  ecl- 
olojcu'al  relRtlonshlp.  Uc  finds  In  llteratnre  24  cases  where  Insanity 
followed  opemtlon,  but  uiluiltg  that  the  H-it  tuay  not  be  complete.  In 
analyji'ng  thone  cases  he  finds  rhat  the  rfile  of  the  operation  may  be  a 
variable  one,  being  at  times  only  an  occasional  caaf>e,  as  in  an  operation 
la  a  ca«e  of  alcohnlUm,  while  in  othfr  ca^es  the  operation  playfi  a  cou- 
aiderable  part.  There  wim  considerable  predisposition  iu  his  own  caae, 
while  in  a  case  reported  by  Herm-Lopaen  and  Fnerstner  the  etioloslcal 
Importance  of  the  operation  was  still  greater,  and  the  prediapofltlon 
much  leas,  there  helnfi;  no  nervous  predisposition  except  a  chorea  at  the 
age  of  14.  In  reviewluE  the  caaes  Malret  reaches  the  conclu!>lon  that  a 
certain  amonnt  of  predisposition  U  always  neceaaary,  and  that  a  surgical 
operation  by  itself  U  not  eapnhlc  of  producing  Insaulty.  While  the 
most  dlflVrent  operarioQ**  may  be  folUiwH  by  insanity,  are  all  operations 
ftusceptlble  In  the  same  degree  of  producing  it?  It  Is  the  grave  opera- 
tIon«,  especially  those  ou  abdominal  viscera,  that  cause  Insanity  withoat 
there  being  a  strong  predisposition,  Werth  reports  the  following  re- 
sults: Two  cases  of  Insanity  in  32  hystert'ctomlcfl,  or  0%;  two  hi  30 
-castrations,  or  5.55%;  and  only  two  in  ICO  ovariotomies.  Regarding  Ujc 
manner  In  which  surgical  operations  produce  Insanity  Mairet  holds  that 
lo  a  f^urglcal  operation  of  considerable  importanee  the  surgical  trauma- 
tism and  lis  seinielji'  are  not  the  sole  elementa  susceptible  of  working  on 
the  brain  and  thus  developing  Insanity.  For  a  certain  time  before  the 
operation  the  patient  Is  preoccupied ;  he  dreads  the  operation,  and  hU 
mind  U  Id  a  state  of  tension  that  partii-ularly  favors  the  development  of 
Insanity.  The  anaesthetics,  too,  have  a  particularly  strong  action  on 
the  nervous  system,  and  especially  upon  the  brutn.  After  the  oi>eratlon 
the  surgeon  uses  hi  the  dresfiiogs  substan<'es  such  as  iodoform,  which 
arc  In  themselves  capable  of  producing  mental  tmutdes;  and  fitially, 
after  the  operation  the  patient  mu«t  be  excited  by  stimulants,  partlcu- 
Urly  bv  alcoholic  drinks.  Matret  is  convinced  that  insanity  after  oper- 
ations fa  the  result  of  these  difTerent  causes,  or  at  least  of  several  of 
tbem.  Although  he  attaches  but  slight  importance  to  Iodoform,  he  at- 
taches mach  to  the  etiological  infliience  of  anaesthetics. 

In  cflaes  where  the  prediaposlLlon  is  fpeble  it  is  neeeHSary  to  go  to  the 
operation  Itaelf,  as  such,  to  explain  the  development  of  the'insanlty,  bnt 
the  published  facts  are  too  few  to  aaslst  In  ascertaining  liow  the  opera- 
tion works.  It  is  not  Bo  much  the  operation  Itself,  properly  so  called, 
as  It  U  that  the  traumatism  Is  succeeded  by  a  more  or  less  extended  and 
severe  wound.  In  the  cases  reported  the  operation  Itself  and  lis  sequals 
have  been  absolutely  regular.  It  Is  ou  the  aide  of  the  nutrition  that  it 
is  nece*jiary  to  look  for  the  reason  of  the  action  of  the  traumatism.  In 
Marlel'-*  ca<ie  the  troubles  in  nutrltlou  ajipeared  dlret'tly  after  the  oper- 
ation, but  the  ob.servations  are  too  few  to  »ay  that  this  Is  always  the 
case.  This  was  markedly  the  case  In  Shepard's  two  cases.  However 
this  may  be,  the  troublea"  of  nutrition  when  they  exist  put  tlie  nervous 
system  in  a  state  of  morbid  receptivity  which  allows  the  paislug 
deiirlum  which  the  anaesthetics  and  the  other  causes  may  produce,  to 
pass  into  a  chronic  state  and  to  favor  the  production  of  true  insanity. 

As  regards  the  time  of  onset  of  the  mental  disturbance,  thl*  may  come 
on  tmmediiUely  aft4.>r  the  operation,  but  generally  It  Is  not  until  several 
days,  usually  on  the  3d  or  5th  day,  or  at  least  within  the  flr^t  week  that 
the  patient  Is  perceived  to  be  strange  and  to  have  lost  his  mental  equi- 
librium. Sometimes^  however,  the  mental  troubles  do  not  appear  until 
later.    Werth  reports  oases  In  the  2d,  3d  and  6tb  weeks.    Usually  the 
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development  t&kes  pUce  progressively — a  modlflcatlon  of  character  aod 
uiuBloas  anpearlnf^  first,  then  agltatloo  la  added,  aod  flnally  after  a 
lonicer  or  snorter  time,  days  or  weeks,  the  lusanlty  ts  defloite'lr  estab- 
lUhed.  Uore  rarely  the  fneonlty  sets  la  suddenly  without  proilrotDes. 
Meredith  reports  a  CAAe  where  an  acute  melancholia  appe&rea  suddenly 
at  the  beglDuing  of  the  4th  week. 

Post-operative  lutiauitT  has  dUTereut  forms,  and  here  must  be  dtstln- 
golshed  the  cases  In  which  the  oporatlOD  acts  only  as  a  provokio);  cause 
Uidtboae  In  which  Its  pathot^enlc  influence  la  considerable.  Wheu  the 
operation  plays  only  the  role  of  an  occasional  cause  the  form  which  the 
Insanity  takes  is  dependent  not  ou  the  traumatism  but  on  the  anterior 
state,  which  ra»y  be  of  a  very  variable  nature.  In  one  case  it  may  be  & 
very  powerful  predisposlUon  or  aulatoxlcation,  or  in  another  case  It  may 
be  a  typhoid  fever  which  modiflca  the  central  nervous  svstem.  When 
the  pathogenic  iullueoce  is  most  powerful  the  forms  which  are  generally 
found  are  mania  and  melancholU.  but  the  observations  are  too  few  to 
auy  if  the  munia  or  meJauchollu  have  a  special  phystoenomy.  [1iVood*a 
remarks  on  this  Bubje^-t  seem  to  be  of  much  greater  value.] 

As  regards  prognosis  this  depeuda  larj^ely  ou  whether  the  operation 
plays  the  part  of  a  primary  or  an  occasioaal  cause^  being  more  grAT8 
where  the  antecedent  predipposition  is  moru  marked,  and  where  the 
nutrition  1m  poor,  and  here  leading  to  Incunible  insanity  or  to  death. 

In  summing  up  the  whole  subject  Malret  concludes: 

1'^.  It  is  among  the  pre<U(<p<i8ed  Individual?,  precllsposed  either  by 
heredity  or  any  other  cause  (alcoholism,  infectious  dUeuea,  etc.)>  UuC 
surgical  operations  give  rise  to  insanity. 

2'^  Among  the  constituent  elements  of  an  operation  thai  may  act  oo 
the  brain  the  two  most  important  from  the  point  of  view  of  the  develop 
meut  of  ioi^anity  are  auacsthcttcB  and  surgical  traumatism  with  their 
sequehe,  chief  iimotig  which  arc  the  troubles  of  nutrition. 

3<*.  When  the  preaisposltlon  Is  considerable  the  anaesthetics  may  of 
themselves  alone  set  this  Into  activity  and  cause  the  appearance  of  In- 
sanity, so  that  the  leas  Important  operations,  acting  as  surgical  trauma- 
tism, may  give  rise  to  insanity. 

These  points  should  govern  the  conduct  of  the  physician  in  Interfering 
surgically  in  prediepORcd  individuals.  Among  these  Individuals  one 
ought  noi  to  undertake  an  operation  of  any  consequence  except  when 
there  is  a  vital  np(;exslty,  and  when  it  has  once  been  decided  upon,  an- 
aesthetics, at  lea!4t  general  anaesthetics,  Rliould  be  omitted  if  pos.'tible. 
[It  need  scarcely  be  pointed  out  that  Prof.  Malret  goes  to  extremes  that 
few  or  any  would  care  to  follow  In  ascribing  sucn  overwhelming  Im- 
portance to  anaesthetics.  Were  anaeHthetlcs  withheld  to  the  extent  be 
advocates,  from  the  remote  posslblUtv  of  mental  disturbance,  much 
needless  suffering  could  not  fall  to  result.] 

Insanity  follotolug  Snrgtcal  Operations.  Lawson  Tait.  British  Medical 
Journal,  Aug.  31,  ISSO.  (Abstracted  In  Dublin  Jourual  of  Medical 
Science,  1890.  I,  250.; 

This  is  a  criticism  of  the  book  of  Dr.  E.  Denis  on  this  subject.  Tail 
Bays  that  he  has  performed  between  7,000  and  S,000  operations,  requiring 
the  use  of  anaesthetics,  and  has  had  anaesthetics  administered  In  cases 
not  Involving  traumatism  In  3,(K>0  more  lustanees,  and  he  kn<»w«  of  only 
seven  cases  of  sequent— not  neresAarily  consequent— Insanity.  There 
may  have  been  other  cases,  and  ho  will  say  14  cases  to  cover  the  margin 
of  error.  His  own  practice  therefore  does  not  yield  a  proportion  of  cases 
of  insanity  following  operations  larger  than  the  geucml  proportion  of 
insanity  in  the  femiile  adult  population,  and  Including  the  cases  of  ao- 
aestbcsia  la  probably  considerably  smaller.  Dr.  Denis  gets  an  averageof 
2.5  cases  of  alienation  In  100  operations.    But  If  this  had  been  the  ca«e 
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^I  enga^d  In  active  operating  practice  woald  have  felt  the  fact  ^ong 
SLgo,  Tnlt  Ir  BCntck  by  the  occurrence  of  tnsunlty  after  operations  as 
being  like  the  occurrence  of  tetMuus,  something  to  be  met  with  oceasloa- 
illy.  but  not  a  matter  to  oalL-ulate  on.  He  continues :  "If  I  bbw  an  1d- 
aanity  rate  of  2.5%  in  my  operations  It  would  be  more  striking  than  any 
death  rate  hi  auytiiing  except  my  hysterectomies,  and  in  that  clasB  I 
have  never  sccninsaaity  follow  a  Ringle  instmncc;  and  Dr.  Bantock'B 
experience  amountP  to  practically  the  aame  result,  for  his  exception 
cannot  really  be  called  one  of  In&auity  followiug  an  operation.  A.«  a  per 
contra  I  can  point  to  13  cases  where  operatlona  liave  cured  Insanity." 

Ueber  Psychoaen   nach   Augen-Operattonen.    Von  Fbankl-HOCUWabt. 
Jahrbuch  f.  Paych.,  1889-00— IX,  pp.  152-182. 

The  author  reports  31  cases  of  psychoses  developing  after  eye-op«r*- 
tlons.    Divided  Into  four  groups,  as  follows ; 

1.    Hallucinatory  Confuslonal  Insanity,    (a)  \a  yooog,  (b)  Id  old 

Individuals. 
ft.    Simple  Confuslonal  Insanity  In  old  people. 
8.    PsychoRes  In  chronic  alcoholism. 

4.    Cases  of  Coufuslonal  lusaolty  in  very  maraamatlc  IndlvidnalSi 
with  other  Intercurrent  somatic  dlsea^s  with  futal  termination. 

The  first  j?roup  comprincd  15  cases;  lens  extraction  Id  almost  all, 
began  six  times  in  the  fir?t  24  hours,  twice  aftfT  two,  once  each  after 
three  and  four  days,  twice  after  several  days,  once  after  nine  days,  once 
after  ten  to  twelve  days,  once  after  three  weeks.  There  was  a  Protean- 
like  change  of  pheuomeuH  iu  the  dillerent  ladlvldual');  there  was  wild, 
unmanageabte  agitation.  Ideas  of  grandeur  and  inslgnificauce,  ideas  of 
suicide,  ceaseless  crytngs,  prayuig,  lamenting,  and  ilien  laughing, 
dancing  and  singing,  with  pa»Htoiiate  emotional  displays.  These  more 
sharply  deflued  prodromul  symptoms  belong  more  to  youth;  In  older 
people  there  Ib  aurcgt,  coufu^lou  and  tendency  to  aggrcsslou,  and  also 
terrible  vieual  and  auditory  hallucinations.  Disease  (a  usually  fully  de- 
veloped when  the  patient  Is  transferred  to  the  a-iylnm. 

Regarding  the  course  of  these  psychoses  it  can  only  be  said  that  thia 
Is  a  very  varying  one.  Some  last  a  few  days,  and  from  that  up  to 
weeks,  or  to  one«  two  or  five  months.  One  patient  formed  a  complete 
delaslooal  system  of  persecution  after  he  had  he&a  throe  months  in  th& 
lAvlam. 

In  the  group  of  alcoholics  there  were  seven  patients,  six  of  whom  had 
cataract  operations.  Course  ofTera  little  that  Is  noteworthy;  begins 
earlier  than  lu  non-alcoholics.  Shows  itself  In  restlessness  and  excite- 
ment. Course  marked  by  unrest,  hallucinations,  conditions  of  anxiety, 
idcM  of  persecution,  confusion,  delusions.  Course  similar  to  delirium 
tremens.  Lasts  from  6  to  12  days  to  4  weeks.  Some  dementia  In  one 
case. 

In  the  first  group  (hallucinatory  confuslonal  Insanity)  hallucinations 
were  the  chief  thing  noted,  with  sharply  defined  delusions,  here  and 
there  ruanln^  into  a  system,  while  In  the  second  group  (simple  confu- 
slonal inBanttv  In  old  people)  the  patients  were  simply  confused  and 
disturbed,  halmciDallons  being  absent.  They  were  unurlented,  did  not 
know  what  had  happened  to  them,  were  Irritable,  sometimes  aggrcsstre. 
They  were  all  old,  but  not  of  the  speclflc  senile  form.  The  same  con- 
ditions are  seen  In  exhausting  conditions  in  youth  and  in  alcoholics. 
All  men.  from  &7  to  77.  Cataract  operations  In  all.  Psyehoslsdeveloped 
soon  after  operation ;  in  none  after  sixth  day.  Cnresl,  anxiety,  aggres- 
siveness allowed  itself  la  the  beglDoiog.  Prognosis  not  unfavorable. 
Of  the  last  group  there  were  only  three  cases.  In  all  Inanition,  delirium 
and  fata]  termination. 

Begarding  the  casual  nexus  the  simplest  explanation  would  be  to  put 
the  cases  among  the  psychoses  following  operations,  as  first  pointed  out 
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by  Dupurten,  and  in  Oertnaay  by  Wunderllch.  There  U  no  reason  to 
doubt  ihii  CAsual  nexus.  Oin  call  these  iJrtsoc1oa3  nochlD^  more  than 
a  ^pcciflc  gyinpcoiii-oniuplex,  as  Oapuyteo  hn»  dono.  i'hey  geaerally 
take  the  coume  of  halluoinatory  confu^tomil  iixanity.  Ro*e  thtaks 
almost  all  paychoses  following  operadons  are  to  be  considered  as  dellrinm 
tremans,  and  fiirth*^r  that  sepftU  and  h1f;h  fever  may  form  a  substratum 
of  the  mental  di-4turbauue.  Some  p'^ychose*  developing  with  hAllucin&- 
tory  confu.^lon  he  destf^uatea  as  Inanition  dellris.  Von  Krankl-Uoebwart 
considers  ihrse  p*yi'hnse8  relatively  rare  compared  with  tho«e  following 
eye-opf!niLion:4.   In  Vienna  the  last  are  much  more  common  than  the  first. 

Wluiwarter  speaks  of  psychoses  after  surgical  Ofwrations  a*  being 
e?pocwIly  rare.  When  Fueratner  reported  the  first  caae of  lusanlty  after 
a  gynaecolofirlcal  operation  lie  «x]>re**ed  aiirprlBe  that  the  case  should 
be  BO  rare   while   they  are   so  frequent  after  eye-operatioun. 

Worth  could  collei-t  only  31  cases  of  Insanity  after  surgical  operations. 
Tills  di«pro|>ortion  U  all  the  more  Ktrlkinj;;  when  It  Is  considered  how 
many  fjtcturs  enter  into  surgicnl  operutious  tliat  eetdum  occur  in  eye- 
oueratloui,  Ruch  as  the  great  palu  befdre  and  after  the  operntloD.  febrile 

filieuomena,cachexla  of  cancer, disposition  to  tubcrou1o«U  often  occurring 
D  Joint  diseas?,  Inanition,  etc.  Surgical  cases  are  often  depressed  In 
emotions,  »luce  they  are  to  sufTer  the  loss  of  some  member,  while  eye- 
patients  p^r  contra  have  the  hope  of  regaining  their  sight.  The  author 
collects  19  cases  of  psychoses  after  surgical  opersilons,  of  which  3 
were  of  delirium  tremens,  showing  that  insanity  after  surgical  opera- 
tions U  comparatively  rare  In  spite  of  the  fact  that  besides  the  opera- 
tion the  other  important  etiolcglcal  factors  are  so  frequent.  NVhat  is 
the  spccinl  feature  of  eye-operations  that  psychoses  so  often  follow 
Ihcm?  That  lesion  of  the  sensitive  optic  nerves  must  tw  a  tremendons 
irritation  U  clear  a  priori^  and  attention  Is  called  to  the  connection  be- 
tween Irritation  ot  thetrlecmluBS  (neuralgia)  and  psychoses.  Psychoses 
have  developed  through  sTuipIc  injury  to  the  bulb — (Orleslnger,"  Arndt 
and  Ftirslner).  That  meuliil  dlsturbunccs  may  arise  through  irritation 
of  the  sense-organs  is  Indicated  by  the  lufiaenceg  of  ear  diseases  and  by 
Esquirol's  observation  of  Insanity  following  a  strong  smell.  Accord- 
ing to  our  author's  resenrches  blind  people  have  a  special  prediM^ositlon 
to  mental  diecasc,  of  prcdij^poslng  moment  in  eye  diseases  Is  tbe  psy- 
chical factor  that  loss  of  olght  is  t-^specially  feared  [This  docs  not  agree 
well  with  author's  previous  atatement  thai  hope  of  regaining  the  sight 
was  in  the  favor  of  these  patients  os  against  the  fears  of  ordinary  sur- 
gical cases],  AUo  In  any  of  the  cases  that  the  oculist  has  to  do  with 
are  of  iidvanced  age.  Of  greatest  iuiportaDce^  however,  apiiears  to  be 
the  Influence  of  darkness  toat  is  necessary  In  the  after  treatment,  to- 
gether with  the  absolute  rest  and  the  separation  from  the  outer  world. 

Eine  pfychinche  Storunff  comhtnirt  mil  mnltiptfr  Neuritis.  (  Pttft-hottis  poly- 
titiurilica  »eu  CTebrnpathira  ;wry«'Aica  Utxafivtira.)  Die.  8.  S.  KORflA- 
KOt-K.  Allg.  Zeltschr.  f.  Psychlntrie,  1889,  xlvl.  Bd.,  H.  4,  p.  476. 
I'revious  to  the  present  article  Korsakoif  has  published  articles  in 
Russian  describing  the  dlsense,  which  he  claims  is  little  known  to  phy- 
sicians, although  numerous  Instances  hare  appeared  in  the  practice  of 
alienists  and  also  of  gynjucologlsts.  The  disease  is  espeelally  liable  Co 
develop  after  certain  diseases,  such  as  puerperal  fever,  acute  and 
chronic  Infectious  diiwapcs.  Korsakoff  claims  that  this  form  of  mental 
disease  is  unknown,  and  that  there  is  no  description  of  it  in  literature. 
Jn  almost  all  casee  the  symptoms  of  multiple  neuritis  may  be  found.  In 
some  cases  they  are  but  little  marked,  In  others  the  Bym'ptoms  of  ncr- 
ritls,  paralyses,  contractures,  muscle  atrophies  and  pains  are  so  predom- 
inuting  that  they  may  cover  up  the  mental  disturbance.  Uesides  the 
combination  with  the  neurlUc  symptoma,  the  8ymptom<>omplex  of  the 
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mental  dletarbancc  1?  in  Itself  charncterlntic,  fspeclally  the  distorbance 
of  miMuory  )in<l  o(  the  a?soclatiou  of  ideas.  All  the^e  thiQg;4  taken 
tcijjcethtr  give  the  dUe»»e  i<u  pcculiflr  a  stamp  that  it  i^  Iiicomprebeosibte 
to  Kora&kolTthflt  It  hae  not  been  described  before,  but  he  expl&lns  this 
by  Ibe  fact  that  the  dUcase  occurs  in  the  course  of  other  diseases,  nnd 
the  attention  of  the  phyficlau  ts  concentrated  on  ihe&e,  aud  thus  the 
compUcatioDs  on  the  aide  of  the  oervout*  svHtein  are  overlooked.  The 
befcinningd  of  the  dUease  arc  frequently  dllllcult  to  recognize.  .Since  it 
ordlnarllT  develops  as  a  complichiion  of  wvere  diseases  suchaa  typhoid, 
puerperal  fever  aud  the  like,  ita  initial  syniptoms  are  bonnd  up  with  the 
qsuaI  wealcne^s,  exhaustion  of  the  nervous  system  and  an;emla  of  the 
bniin.  The  beginulng  i8  usually  usliered  in  by  vomttinfj;,  sometimes  rery 
stubborn.  Then  considerable  weakoesa  develops.  The  patient  Etaf^gera 
on  walking,  his  gait  is  progressively  unsteadier,  finally  he  can  no  longer 
stand  and  must  lie  down.  The  paralysis  of  the  lower  I'xtretnetles  now 
becomes  DOtlceable,  and  the  inmionR  of  tlie  feet  and  toes  are  disturbed. 
The  upper  extremitiee,  hands  aud  fingers,  are  also  frequently  Involved. 
Paius  develop  In  the  arms  and  lege,  the  muscles  fall  away  cousiderubly, 
the  electrical  contractility  diminishes,  contractures  and  sometimes  o^de- 
ma  develop,  and  the  patcllarreflex  ordinarily  diaappearsearlv.  in  severe 
cases  there  may  be  complete  paralyiiis  of  the  extremities,  the  muscles  of 
the  back  become  paralyzed,  likewise  the  bladder  and  diaphragm,  and 
Anally  paralysis  of  the  heart  occurs  through  disturbance  of  the  funi-tlons 
of  the  vagus.  Parallel  with  lh€?o  syioptomsln  which  the  multiple  neuritis 
abowft  itself,  there  proceeds  the  development  of  the  mental  rllsturbance. 
'llieee  are  less  striking  In  the  beginning  and  manifest  themselves  exter- 
nally as  ftimble  irrltibility  or  lowered  activity  of  the  nervous  system 
referable  to  the  general  weakness.  At  first  the  patients  appear  very 
capricious  and  assuming,  or  on  the  contrary,  very  a|mthetlc,  and  sleep 
in  the  way  that  much  exiiausted  men  arc  accustomed  to  do,  but  symp- 
toms develop  later  that  make  it  certain  that  the  disease  is  not  like  an 
ordinary  nervous  \veakne>.s.  These  symptoms  appear  either  In  the  form 
of  excessive  irritalnlity  and  great  uurest,oras  outbreaks  of  acute  mania 
with  cluuded  con>*ciousuess,  or  again  in  the  forut  of  marked  loss  In  the 
mental  sphere  and  deep  disturbance  of  memory.  Careful  examinatloD 
of  the  mental  symptoms  reveals  n  multitude  of  peculiarities  which  are 
ver}'  slgnlflcant  for  the  diHgnosis  of  this  disease.  The  mental  symptoms 
do  not  make  thelrappearance  in  all  cases  in  the  same  manner.  In  certain 
Cases  there  ii  a  greatly  increased  IrrilibilUy  aud  excitability  with  con- 
sciousness well  preserved ;  in  other  cases,  on  the  contrary,  consciousness 
may  be  confused,  and  there  may  t>e  apathy  or  agitation,  and  Anally  in  siUl 
other  cases  a  characteristic  disturbance  of  memory  comes  to  the  front,  a 
special  kind  of  amnesia.  If  the  mental  excitement  consists  In  Increased 
susceptibility  and  Irritability,  this  is  generally  displayed  In  great  exclta- 
abllity,  uure^it  and  vague  fear.  The  patient  fears  death,  an  attack,  or  be 
knows  not  what ;  fears  to  remain  alone,  constantly  calls  to  himself,  sighs, 
or  laments  his  fate.  Not  rarely  the  consciousness  remains  clear  a  long 
time,  but  in  many  cases  after  the  tlrnt  few  days  of  excitement  con- 
flcfou/ness  becomes  confused.  I'atleut  mixes  up  wordD  and  cannot  speak 
connectedly.  Kvcry  day  theconfuslon  increases,  patient  begins  to  tell  of 
all  kinds  of  monstrosities,  speaks  of  journeys  that  were  never  performed, 
mixes  up  old  reminiscences  with  recent  events,  does  not  know  where  be 
Ls  or  what  is  gotuir  on  about  bim ;  sometimes  Illusions  of  sight  sad 
hearing  develop  which  stiii  more  confuse  the  patleut.  Tliua  the  same 
patient  is  Ht  titno^  eutirely  quiet,  at  other  times  very  restless.  The  dis- 
turbed periods  usually  come  un  towards  evening,  when  the  patient 
begins  to  be  restless,  becomes  angry  If  he  is  not  given  what  he  wants; 
sometimes  the  restlessness  readies  a  very  high  degree.  There  may  be 
ftttacka  of  raving,  of  acute  mania.    Sometimes  these  may  occur  in  the 
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beginning  of  the  disease,  later  the  excitement  may  still  exiu,  vet  It  mftj 
not  bre&k  out  Id  attacks,  but  U  limited  Co  aingluf;  songs  the  whole  night 
through.  Sonietliiies  the  dUturbance  of  consclousnesa  reaches  a  very 
bleb  acgreo  and  may  almost  go  Co  the  complete  Iosb  of  consctousDeu. 
>vTth  this  there  also  goes  a  dtrep  distnrbance  of  memory.  It  takes  the 
form  of  a  peculiar  amnesia,  in  which  the  memory  for  recent  events  Is 
principally  disturbed,  while  Chat  for  events  long  pa<tt  remains  very  good. 
Generally  such  an  amnesia  develops  after  the  excitement  already  de- 
scribed, with  confuAiou  of  lonsclouflness;  Uiis  excitement  lasts  some 
days,  then  the  patient  becomes  quiet,  and  his  consclousnefls  l«ooraea 
clear,  he  begins  at  the  same  time  to  guln  back  hia  meutul  faculties,  bat 
his  memory  remains  deeply  disturbed.  This  especially  shows  itself  by 
his  Aflklng  the  same  question  and  repeadng  the  same  things.  In  the 
begitiiiliig  the  presence  of  a  mental  dIstartMooe  is  bard  to  recog^nlze  In 
oonver»utlon ;  he  gives  the  Impression  of  a  man  who  Is  complete  master 
of  his  mental  faculties,  draws  correct  conclaslona  from  given  premises, 
plays  cards  and  chess.  In  short,  conducts  himaelf  like  a  mentally  sound 
man,  and  only  after  a  long  conversation  can  one  notice  that  from  time 
to  time  the  patient  mixes  op  matters  in  an  extraonlioary  manner,  and 
does  not  remember  what  goen  on  about  him,  does  not  remember 
whether  he  has  eaten,  whether  he  hafl  been  out  of  bed.  Many  times  the 
patient  Immediately  forgets  what  ha<t  happened ;  itome  one  comes  to  him 
and  spejiks  to  bini.  eoea  away  for  hwlf  a  minute,  and  on  his  retarn  the 
patient  has  no  recollection  that  he  has  been  with  him.  He  may  read 
the  aame  page  for  an  hour  and  have  no  recollection  of  wtiat  hn  ha«  read. 
He  may  repeat  the  same  things  twenty  times  without  being  in  the  least 
conscious  of  the  constant  repetition  of  the  storeotyped  phrase.  He  can- 
not remember  the  perKonfl  with  whom  he  eomee  into  contact  exclusively 
at  the  time  of  his  sickness,  although  Up.  sees  them  constantly,  and  every 
time  he  sees  them  he  is  snre  that  it  Is  the  first  time. 

The  phenomena  in  which  the  amue!>l.i  U  manifej^ted  differ  In  some  de* 
gree  accordlog  to  the  degree  of  the  lilseaee  and  the  intensity  of  the  dla- 
turbance.  In  the  slighter  degrees  the  memory  for  the  more  recent  past 
Is  not  completely  lost  but  the  events  remain  only  vague,  floating  lu 
memory.  Ofteu  the  patient  recollects  the  afi^iir  itself  but  not  tlie  time 
when  It  took  place;  in  other  cases  the  forgetfulness  concerns  the  pecu- 
liar thought-processes.  In  consequence  of  which  the  patient  does  not 
know  what  he  has  said,  and  continually  asks  one  and  the  same  question. 
So)iic'tI[ni>a  all  the  facts  are  prefient  lu  memory,  but  the  patient  needs 
Bpeclal  conditions  to  bring  them  to  consciousness. 

On  the  other  hand,  In  very  severe  cases  the  amnesia  U  much  deeper, 
and  the  recollection  Is  loHt  not  only  for  recent  events  but  also  for  earlier 
ones;  It  especially  happens  ttiat  the  present  mom«:'ntarlly  disappears 
out  of  the  patient's  memorv  while  events  of  years  ago  eome'to  the  front, 
and  the  patient  nilnglcii  old  remlnlnceuces  with  tww  liiiprt-s-'IonK  of  the 
present;  he  thinks  niin-iplf  in  tlie  sitine  cornlltlons  us  thirty  years  ago, 
and  the  pcrBons  about  him  to  be  those  whom  he  knew  at  that  time,  who, 
perhaps,  have  long  been  dejtd.  In  the  more  severe  forms  the  memory 
for  events  is  completely  lost,  and  even  the  word  memory  disappears; 
the  patient  forgets  his  own  name  and  brings  out  unconnected  sounds 
Instead  of  the  words.  With  the  severe  forms  of  amnesia  there  also  ordi- 
narily occurs  a  marked  clouding  of  consciousness,  which  In  the  severest 
cases  may  amount  to  a  condition  of  complete  loss  Of  sense.  The  amnesU 
has  no  stationary  chanicter.  It  may  be  greater  or  less.  Th^  variations 
in  Its  lnteD<ilty  depend  among  other  things  on  temporary  conditions ;  by 
Axing  the  attention  of  the  patient  and  securing  his  good  will  the 
memory  U  often  better.  MorC  frequently,  however,  the  intensity 
of  the  amnesia  naturally  depends  on  the  general  course  of  the 
disease  and  on  the  depth  of  the  general  dUcurbance.    Thus  the  amnesia 
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^^^^Beare  In  gesenl  tbe  ■•«  chancMrittie  tettma  o<  tbe  wflil 
■^■Vbu>c«  obaenred  tn  partHnTi  aBflkriat^  trow  lUa  dlwiio  Br  tba 
f  iBto  of  tbe  nMotal  svioptoaa  Cbere  f^o.  as  alr«adj  nSd,  tbe  fwiliieij 
I  pbenomc&a  of  degcoenihre  moltlple  searliUf  such  as  panlyaea  of  tM 
lower,  aod  aoomlnifi  alao  <a  tbe  appcr  eztnBliiea.  Theee  iiiimiaM 
are  not  always  dearly  defined;  tn  saay  casoa  Cbey  ar«  oaly  mdii^twd 
by  Inslcntfleant  pahif  tn  tbe  leci  u>d  vneteady  grit.  Tbe  paleOar- 
rellez  doe«  noc  eotircly  dlaappoar,  bat  U  fr^oently  tw  leaaed,  er 
lenalna  normal.  Id  adaitkm  iMre  cao  always  be  fonnd  MinwbMii  oa 
cargfol  eraminarifm  tba  algna  ot.  n— rltia.  whtoh  tbne  lairtila  to  tbe  dBay* 
BoaU  of  tbe  paychSealdlKiirbanee.  Baatdea  the  pbeaoMean  of  ■imiWi 
tiwre  atoo  erabtarily  aritta  to  tbia  dlwee  dbtniMuioea  of  tbe  general 
flfgailm.  Tbere  la  aaeb  cnadatiOB,  rery  treqnently  aevere  ToatdtiBC, 
dimtolibed  caeretKoo  of  nilDe,  whl^  os  thin  aeeoaot  appears  reddiu 
bivwB  Kto  atrong  tea.  The  phenomena  of  mrosicls  are  not  rar«ly 
pteaait.  Sometimes  tbe  bean's  accioa  Is  disturbed  axkd  tbe  palse  Is 
urefpilar;  at  times  dropsy  deralops;  in  women  the  menses  stop;  lower 
temperatare  deTcIops.  BMUeitoe  neuritis  &ud  the  Hjmpcomsot  die- 
tarbance  In  tbe  bemiqibena,  otber  pbenomena  related  to  tbe  brain  and 
eord  not  rarely  dgflop,  muii  aa  dUtnrbances  of  speeeh  and  swallowtog, 
■ad  aometlmea  opatbalmopl^la  externa,  nystagmms  and  tbe  Uke. 

Tbe  Goone  and  termination  of  tbe  disease  depend  on  Ite  toteaaItT  and 
tbe  ooodltions  under  wbicb  it  has  developed.  Aa  already  stated,  tbe 
disturbance  often  comes  on  In  tbe  coarse  of  other  disesMS,  acute  or 
chronic;  it  is  also  not  at  all  rare  In  chronic  alcoholUm^  as  well  as  com- 
mon  in  the  different  Intoxications.  Not  Infrequentlj,  for  example.  Is 
alcoholism  the  disease  may  set  In  with  s>-mptonis  which  are  eotixvly 
similar  to  delirium  tremens,  and  subsequently  there  are  joined  to  this 
the  pualysea  and  the  charactcriAtie  di»curbsnee  of  memory.  A  similar 
b^inaing  not  rarely  comes  on  lo  the  course  of  puerperal  diseases;  an 
attack  of  panphobia  suddenly  breaks  out  with  intense  excitement,  fol- 
lowed by  confu-lon  of  conBcloosaess,  failure  of  memory  and  other 
symptoms. 

In  other  cases  In  Terr  weak  patients  the  disease  comes  on  unnoticed, 
without  a  sharply  marked  attack ;  a  gradually  Increasing  forgetfnloeaa 
develops,  and  tbeo  oonfuslon  of  consciousness  is  added  to  this,  reacbtng 
the  highest  degree.  The  termination  of  tbe  disease  depends  equslly  on 
Its  intensity  and  Its  mode  of  origin. 

If  the  source  of  the  disease  Is  removed  the  termination  is  not  Infre- 
qoentiy  a  favorable  one,  rccoverr  may  set  In,  generally  after  a  very  loo^ 
ttme,  after  several  months,  still  oftener  after  some  yemrs.  If,  on  the 
eontiary.  the  Boorce  of  the  disease  is  not  removable.  If  It  Is,  for  exam- 
ple, a  disturbance  that  has  developed  on  the  tw^  of  a  tuberculous  or 
carcloomatoas  cachexia  tbe  ternUnatlon  is  for  the  most  part  an  nnCavor* 
able  one.  The  disease  mar  also  proceed  to  a  fatal  termination  If  It  dev«l- 
Ops  wHh  jneat  Intensity  in  an  orgmnUm  wblch  ha^  only  alight  reslstlre 
power,    llins  the  beginning,  course  and  termination  of  the  disease. 
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Stand  111  tbe  moAC  immediate  relatloa  to  the  etiology.  The  etiology  U 
the  same  as  that  of  multiple  oearittft,  ami  al!  the  cau^e^  which  luar  bring 
OD  malciple  iicurttia  lead  at  tlmei  also  to  this  form  of  multiple  disturb- 
ance. As  multiple  ueuritl:^  comes  oa  with  s(>eclAl  frf;i]ueuey  in  diiokers 
to  this  form  uf  di^ea^e  corner  oa  very  frequently  Id  nicobolic  neurltla 
and  alcoholic  paraljeU. 

The  mental  disturbance  above  described  has  received  some  attention 
by  different  writers,  Ar^t  by  Ma^aa  Huaa,  but  no  one  saw  in  tbe  mental 
diaease  anythlnfc  peculiarly  connected  with  the  oeuritiit.  but  nil  held 
the  psychu^itt  to  be  simply  acompllcatloD  of  the  dUeime  under  tbe  luda- 
eoce  of  alcohol.  Korsakoff  claims  to  have  been  the  first  to  show  chat  & 
completely  analoffous  mental  disturbance  develops  in  cases  of  multiple 
neuritis  where  alcohol  can  play  absolutely  no  rule  at)  an  etiological 
factor,  and  he  has  published  fourteen  cases  of  multiple  neuritis  of  uoo- 
nicoholic  source  nith  a  clearly  marked  mental  disturbance.  These 
observations  lead  Korsakoff  to  eouclude  that  this  mental  disturbance 
belong^s  to  multiple  Deuritiu  and  to  ascribe  ite  ori^n  to  the  influence  of 
the  £>arae  puthogeiik'  ehanicter  which  produce  multiple  neuritis.  Thete 
conditions  do  not  alway**  appe-iir  to  bring  on  the  mental  disturbance  In 
the  tame  degree  as  tbe  neuritis,  for  in  many  cases  the  neuritic  symp- 
toms appear  more  marked  because  the  pathogenic  agent  ha;^  worked 
more  on  the  peripheral  nervous  system,  while  in  other  cases  tbe  mental 
symptoms  predominate  In  conseqaeuce  of  tbe  pathogenic  agent  influ- 
encing the  brain  by  preference.  In  still  other  casvs  the  cezebral  and 
peripheral  disturbances  are  marked  in  almost  equal  manner. 

iSirning  to  the  etiology  of  the  fourteen  cases  published  by  Korsakoff 
we  find  the  sources  of  the  disease  to  be  very  different,  such  as  the  pres- 
ence of  a  dead  fuetus,  puerperal  septicaemia*  aceumulatloa  of  feces, 
typhoid  tuburculo»U«  diabetes  mellitus.  lymphadeuoma,  and  the  brmk- 
lug  down  of  a  lumor.  Adding  to  the^te  that  iliihforraof  disease  alto 
develops  In  alcoholism,  poisoning  with  arsenic,  lead,  sulphuric  actd, 
carbonic  oxide,  etc.,  we  see  that  the  sources  of  the  ditc-i^e  are  exiremolj 
varied.  .Still  it  i«  easy  to  see  that  there  is  something  in  common  la 
them  all,  since  in  all  ihese  cases  the  composition  of  tlie  blood  is  altered 
poisonous  substances  are  accumulated  In  the  blood,  and  It  Is  In  the 
highest  degree  probable  that  It  I?  these  which  pol>toa  the  nervous  sys- 
tem, in  individual  cases  the  |>eripheral  nervous  system  being  puerperaily 
affocted,  in  other  cascjt  the  central  norvona  system,  but  often  both  lo 
the  game  degree.  It  h  hard  to  gay  what  these  polsonoas  subfttaDces  are, 
but  in  most  cases  they  belong  to  the  ptomaines  or  leucomalnes,  which 
have  reached  the  organism  from  the  outaldc  or  have  developed  In  it 
under  favorable  coudltlons.  Korsakoff  has  very  properly  named  all  of 
them  taxafmtc  e*rehr  opathUs  (eerebropathie  psychica  toziemica).  'ITiey 
may  also  be  called  ptd^nturitic  pitychosea  (psvchocis  polyneuritica),  bat 
It  muKt  be  borne  in  mind  that  cases  of  tliiH  kiail  of  mental  distarbknoe 
may  develop  in  which  the  symptoms  of  multiple  degenerative  neuritis 
may  be  poorly  marked  and  thus  may  be  overlooketl.  The  pathological 
anatomy  of  the  disease  is  atlll  not  sufficiently  explained,  but  the  pres- 
ence of  multiple  degenerative  neuritis  may  be  looked  on  as  proved. 

Uthtr  tine  baondere  form  psychucher  Sti)rung  combtnirt  mit  mulUpler 
fteuritii,  S.  S.  Kobsakow,  Arch.  t.  Psych.,  ISOO,  xxi  Band,  3  Heft, 
p.  669. 

The  present  article  Is  mostly  taken  up  with  a  consideration  of  tbe 
etiology  of  multiple  neuritis,  and  the  author  refers  to  the  fact  that  in  the 
beginning  of  the  year  lst*7  he  advanced  tlie  theory  that  in  addition  to  the 
poisons  tliut  get  into  the  body  from  the  outside  and  cause  nenritiR,  this 
mar  also  arise  from  poisons  developing  In  the  bodv  Itself— ptomaines 
ana  leucomaines.    The  views  of  Itoaenhelm  and  Leyden  on  the  origin  of 
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Dnltlple  ueoiitla  Are  fiven^  tof^ether  with  thoM  of  the  Freach  authors^ 
Bouchard,  Charln  aoa  Roeer. 

la  aay  disease  where  the  ellmlnatlve  powers  of  the  bodr  are  reduced 
wcmaygfit  aato-iatoxicfltlon  from  the  accumulation  of  the  ptomiilMf 
■nd  lenoomaloeB,  multiple  ucurltU,  and  together  with  this  IvorBakoff*H 
terebn>pathia  toxcemica.  This  has  deTeloped  to  glycosuria,  in  pynsmla, 
to  tubercoloflis,  In  pyn^mia,  and  after  typhoid,  after  the  birth  of  a  fcetot 
that  had  undergone  decompottltiou;  lu  this  latter  case  ther«  wer«  abso- 
lutely no  phenomena  of  putrefaction  to  be  found  on  the  genital  appM^ 
tus  but  the  disease  had  apparently  developed  directly  throagh  aoflorp- 
tion  of  ptomaines  In  tlie  blood.  Id  the  cases  cited  numerous  Instaooes  are 
Klven  which  point  to  the  abnormal  constitution  of  the  blood ;  one  case 
developed  In  oonnection  with  leucocythtcmia,  another  In  a  liver  diaeasBi 
a  third  with  the  breaking  down  of  a  neoplasm.  Korsakoff  would  ai- 
orlbe  to  the  ptomaines  or  leucomalnes  resulting  from  the  aotlvity  of  the 
tabercle  bacillus  in  tuberculosis  the  physical  (imturhance  bo  frequently 
foaiul  Ln  thli  disease,  contrary  to  the  view  of  Wood  who  would  account 
for  th6  dltf^fw*  simply  b^the  great  exhaustion  produced.  In  view  of 
all  tbeee  facts  Korsakolf  calls  the  cerebropathy  described  a  toxoimlo 
oerebropathy,  since  he  asftumcs  that  all  cases  of  this  disease  stand  la 
ooonection  with  some  one  tuxiemla.  In  ludividual  cases  tlie  fandamen- 
tal  toxtsmia  indaeDces  the  peripheral  nerves  alone,  In  other  casea  U 
affects  the  cord,  and  In  still  others  the  brain.  These  latter  cases  being 
tbe  onee  in  which  the  mental  dletturbance  is  produced.  Why  in  the 
0O6  case  the  affection  is  coufined  to  the  peripheral  nerves  while  la 
another  case  the  brain  in  a  fellow  ault'erer  Ia  unknown.  Apparently 
this  depends  oo  Uie  affinity  of  ttie  poison  circulating  in  the  blood,  and 
in  part  on  tbe  dissimilar  powers  of  resistance  of  the  nervous  system  In 
dUhnnt  men.  The  fact  that  physical  dUturbance  In  question  has  been 
OlMerved  to  be  especially  frequent  in  multiple  neuritis  of  alcoholic  origin 
Bay  well  be  condiiianed  on  the  fuct  that  the  brain  has  become  partica- 
laij^  iQsoeptlble  tlirougb  the  drinking  of  alcohol. 

The  nature  of  the  poison  circulating  in  Che  blood  also  apparently  has 
something  to  do  with  this  difTercDce,  for  while  there  Is  almost  always  a 
disturbance  In  alcoholic  multiple  neuritis,  yet  in  the  neuritis  after  diph- 
theria there  is  no  known  case  where  a  psychosis  has  developed. 

In  bis  earlier  work  on  alcoholic  neuritis  Korsakoff  explains  this  ex- 
OMatTe  vulnerability  of  the  brain  through  an  apparent  alteration  of  the 
lyo^b  apparatus  in  general,  and  especially  of  the  connective  tissue,  this 
alteration  establishing  itself  in  the  nervous  system  in  alcohnllara,  and  in 
ooaseqoence  each  accumulation  of  toxic  products  In  the  blood  or  lymph 
leads  much  quicker  to  poisoning  than  la  normal  conditions.     IIiIb  ex- 

Elains  why  multiple  neuritis  ana  cercbropathles  are  especially  frequent 
I  the  tuberculosis  of  drinkers,  and  also  why  in  such  cases  neuruldea 
Aad  cerebropathles  break  out  In  consequence  of  strong  emotions  or 
marked  physical  exhaustion,  the  products  of  fatigue  in  such  cases  are 
not  sufficiently  eliminated  through  tbe  lymph  and  act  toxically  on  the 
DCrre  elements.  If  this  Is  tbe  case,  then  the  designaclon  of  such  forms 
of  disease  as  toxaemic  is  not  strictly  correct  since  the  direct  source  of  the 
dSaease  is  to  be  looked  for  not  m  the  blood  but  lo  the  fluid  saturating  the 
Umbo  elements.  In  this  appears  to  Korsakoff  to  lie  the  real  objection  to 
the  name  adopted  by  him,  yet  In  default  of  another  the  title  cerebro- 
pathia  ptifthica  loxatmica  seems  Justified,  and  to  characterize  the  disease 
sad  its  genesis. 

Tbe  article  contains  the  minute  clinical  reports  of  six  oases.  The 
flrat  that  of  a  woman  who  gave  birth  to  a  dead  child  In  which  decompo- 
sitton  bad  already  sot  In;  stvondly,  an  analogous  caAe,  the  child  being 
he&lthy  but  the  after-birth  t)eiug  retained ;  in  the  third  case  psychosis 
followed  typhoid ;  In  the  fourth  case  there  was  speclric  dlsea8C>  abuse  of 
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Alcohol^  nuUrU  uid  lympludcQomi ;  tn  the  fifth,  probably  retrogreMive 
metamorphosis  of  a  fibromn ;  Id  the  !>lxth  the  etiology  WM  doubCtttlt 
althoagb  alcohol  may  have  had  «ome  laflueoce. 

Th«  Ntx  cases  were  obwrved  in  two  yean.  The  first,  third  and  ilzth 
cases  recovered,  the  other  three  died. 

Min  Fail  w>n  polfnturiHe  Ptfckote  mil  AvU>ptU,  S.  S.  KOB&aKOFF  (TKD 
W.  Serbski,  Arch.  f.  Psych.,  1S91,  xxil  Band,  1  Heft;  11S-1S4. 

The  psychosis  in  this  case  followed  a  laparotomy  for  the  remoral  of  a 
dead  fctrtas  in  a  case  of  oxtraateriDe  pregnancy.  A  septic  fever  devel- 
oped before  the  operation,  after  which  the  temperatore  fell  perceptibly, 
although  It  always  remained  hlf^h. 

A  week  after  the  operation,  in  addition  to  the  IniUbllUy  manifested 
earlier,  there  was  considerable  excitement  and  a  clearly  marked  wealt- 
neas  of  memory  for  recent  events.  Coneoiousness  was  clear  In  the  be- 
ginning, but  soon  began  to  be  clouded,  and  at  the  same  time  symptoms 
of  weakness  In  the  extremities  developed,  the  tendon  reflex  disappeared, 
and  the  symptoms  of  moltlple  nearltlfl  developed. 

Althoagb  the  wound  healed  the  affection  of  the  nervous  system  In- 
creased; the  disturbance  of  memory  became  more  marked,  the  aasocla- 
tioo  of  Ideas  was  completely  lost,  from  time  to  time  there  was  exdte* 
ment,  and  halluctDations  developed.  The  paralysis  increased,  and  ex- 
tended to  Che  upper  part  of  the  body,  and  the  patient  died  from  paralysis 
of  Che  diaphragm.  As  in  the  previous  cases  Korsakoff  actrlbatw  the 
dlwase  to  the  poisoning  of  the  central  and  peripheral  nervous  syston  by 
the  ptomaines  clreulAtlng  In  the  blood.  At  the  autopsy  the  character- 
istic degenerative  ehaoges  of  multiple  neuritis  were  found.  The 
phenomeaa  of  multiple  degeDcmtive  neuritis  were  found  in  all  the 
nerves  examined  with  the  exception  of  some  cranial  nerves,  'llie  mns- 
olee  showed  evideuces  of  a  degoneratloo  of  an  Irritative  character — in- 
creased nnmber  of  nuclei.  In  the  brain  nothing  was  found  by  the 
methods  used,  but  KorsakolT  thinks  that  the  failure  to  find  any  changes 
In  the  brain  was  to  be  accounted  for  by  the  fact  that  the  mental  disturb- 
ance had  existed  In  the  patient  only  a  relatively  short  time,  and  that  the 
anatomical  substratum  of  the  disturbance  did  not  have  time  to  develop 
to  a  sufficient  degree  to  become  evident  by  the  methods  of  Investigation 
employed ;  possibly  also  because  the  cortex  was  not  examined  by  all 
the  methods. 

KorsakoflTdoes  not  think  that  the  negative  result  Justifies  the  assump- 
tion that  the  mental  disturbances  In  multiple  neuritis  is  unaccompanied 
by  any  changea  In  the  cortex,  but  he  i?  much  more  of  the  viow  that  these 
changes  exist  in  many  cases,  and  cites  as  a  proof  thiit  In  his  observa- 
tions on  alcoholic  neuritis  where  a  characteristic  mental  disturbance  was 
present  a  change  In  tlie  cortex  was  found,  viz :  alteratinn  of  the  vessels, 
miliary  extravasations.  Increase  of  the  connective  tissue  and  spindle 
cells. 

PolVnenritU  nnd  GeistfsttHrunft.  Ernst  FoAiTK.  Inaugural  Dissertation, 
University  of  Bonn,  1890. 
Frank  reports  a  case  of  mental  disturbance,  to  which  the  phenomena 
of  polyneuritis  were  added  very  early.  The  clinical  picture  Is  very 
similar  to  the  psychoses  described  by  other  authors  as  occurring  In 
multiple  neuritis,  although  some  of  the  symptoms  usually  present  In 
these  psychoses  were  absent  In  this  case.  The  author  quotes  KorsakofTs 
description  of  the  mental  condition.  Frank'?  case  presented  especially  the 
peculiar  dlaturbauce  of  memory  described  by  Ross.  While  in  almost  all 
cases  of  psychoses  In  multiple  nenritls,  as  described  by  Korsakofl*  and 
otheni.,  there  are  still  other  phenomena,  such  as  deloslons,  Imilucinutions, 
lUoaions,  stupor,  and  even  well-marked  delirium  tremens,  ye(  these 
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ag  to  Frank,  only  develop  In  alcoholic  tnatiiple  Deoritls,  or  In 
those  GAies  which  are  ()u<:!  to  itifectiuD  or  other  furm  of  lucoxication. 
The  question  arises  whether  it  is  accessary  to  looli  fortheori^lu  of  SDch 
dUtarbances  Id  a  pathological  and  anatomical  chauge  in  the  brain,  as 
bas  be«n  done  by  many,  or  if  the  outbreak  of  psychoacs  in  multiple 
neurltlB  may  be  explained  without  such  an  aaeumptiou. 

TUliag  holds  that  such  a  direct  and  anatomically  provable  dteeaso  of 
the  brain  ezlsta  in  coanequeDce  of  the  tfamv  injurious  condltloua  which 
^eot  the  peripheral  nervea.  'nillng's  explanation,  according  to  Frank, 
holds  good  only  of  cases  of  alcoholic  polyneuritis,  and  whether  Id  such 
CUM  sneli  an  explanation  of  the  connection  between  p^ychieal  dis- 
torbance  aod  mental  disease  may  be  disputed:  at  all  events,  autopsies 
nude  op  to  this  time  stHjak  ac ainst  this.  Spinal  changes,  at  least  anch 
aa  would  correspond  to  the  clinical  phenomena,  have  never  been  found, 
not  even  in  cases  of  alcoholic  ataxia,  the  srvcalled  alcoholic  pseudo-tabes. 
On  reviewing  the  evidence  advanced  by  difTereut  writers  Frank  comes  to 
the  conchii^ion  that  such  cases  present  no  aDatomlcally  df-monstrable 
lesion  of  tlie  brain,  but  that  the  psychosis  depends  on  such  disturbances 
of  the  central  organ  as  are  usually  called  functloQial,  In  which  with  car 

S resent  means  ol  investigation  no  anatomical  change  in  the  brain  la 
emonstrable.  With  regard  to  the  question  of  Beri-Beri  the  author 
draws  the  generally  accepted  conclusion  that  such  cases  arc  due  to 
InfecUon.  After  a  general  review  of  the  literature  Frank  concludes  that 
hit  own  case  of  polyneuritis  without  alcoholism,  Infection  or  lutoxlca- 
tloo  ia  the  sole  one  ol  Che  kind  in  literature.  Tlie  psychosis  was, 
however,  cimracteriatlc  tliroughout,  and  Id  Its  individua)  phenomena  not 
less  intense  than  tliose  cases  of  [isycliosea  developing  in  polyneuritis  on 
an  infections  or  toxic  basis.  TheelioloKy  is  sufliciently  explained  by  the 
poor  oondltloQB  of  life  to  which  the  patient  was  subject  for  a  year  before 
the  attack.  Frank  claims  that  his  case  shows  that  polyneuritis  with 
mental  disturbance  may  develop  without  one  being  able  to  allege  as  a 
cause  either  an  infection,  or  even  a  special  disease  —  the  ^*cerebropathIe 
psTchic-a  tozaemlca,"  and  that  the  paChologlcal  findings  up  to  this  time 
afford  no  special  explanation  of  the  psychosis  In  a  primary  patholngieo- 
anatomicai  change  in  the  brain.  It  results  therefore  that  It  Is  not  simply 
toxaemic  Influences  to  wliose  Influence  on  Che  peripheral  nervous  system 
polyneuritis  owes  Its  origin,  and  that  in  his  case  any  such  source,  aa  W4>ll 
as  epilepsy,  senility  and  trauma  must  be  excluded,  and  the  only  source 
to  be  soQght  is  in  the  poor  manner  of  living,  which  together  with  the 
amall  ana  minute  ixduriea  to  the  peripheral  nerves  U  sumcient  to  call  out 
tbe<Ua«Me. 

On  the  PtycMcal  Ditnrders  of  HuUiple  Xettiitis.  Jaueb  Robs.  Journal 
of  HcnUl  Science,  April,  1890. 

Kxcept  in  a  few  Idiopathic  cases  multiple  neuritis  Is  due  to  the  action 
of  some  poison, — diphtheria,  aeptlcemin,  typhoid  and  other  fevers, 
lyphills  and  tubercle;  vegetable  poisons  like  morphia;  dllTusiblc  slimn- 
lautfl, — alcohol,  bi-sulphide  of  carbon,  dl-nitro  bcn/.olo,  and  the  fumes  of 
DSphcha  and  other  agents  used  in  special  manufactures  \  endogenous 
pouoDS,  like  those  generated  In  rheumatism,  gout  and  diabetes ;  metallic 
poisons,  lead,  phosphorous,  arsenic  and  mercury.  Multiple  neuritis  also 
accompanies  many  diseases  like  cancer,  Addison's  disease,  exolhalmic 
goitre,  chorea,  chlorosis,  hiemogloblnurla,  pernicious  an:emla,  and  other 
diseases  attended  by  great  Impoverishment  of  the  blood.  Some  degree 
of  Doarltli  also  probably  follows  after  Hcvero  shocks  to  the  nervous  sys- 
tem Irom  iojuries  or  moral  causes.  Whatever  the  cause  of  this  form  of 
neurllls  It  la  likely  to  be  attended  by  psychical  disorders  which  have  In 
aU  cases  a  certain  family  likeness:  the  best  marked  examples  are  In  the 
poisoning  by  mor|>hia,  alcohol  and  other  diffusible  stimulants. 

Boas  cQvidcs  the  psychical  disorders  of  multiple  ncaritls  into  four 
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Btagei :  Pint,  a  premonltoiy  lUge,  In  which  the  special  senses  and  the 
ImaglnaUve  taoolttes  are  likely  to  be  exalted;  second,  a  Btagc  of  de- 
pre&aioD  or  melancholia ;  third,  a  transition  to  mania  or  melanehullji  with 
excitement,  or  of  conrulslons,  passing  on  to,  fourth,  a  finai  sta^of 
dementia. 

In  the  8taf(e  of  exaltation  the  patient  often  Boffers  from  falot  ba11a> 
clnatlons.  A  p&tlenc  with  Klyco^Qila  on  closlnf(  hU  eyes  saw  bU  sorta 
td  flffures  pasBlog  before  him,  laoh  at  soldiers  and  policemen  In  threat- 
ening attitudes;  henrd  muMc  on  several  occaRloni.  In  a  case  of  iilc<^ 
hollc  paralysis  in  a  man  of  21  when  he  eloi»M  his  eyes  a  bright  eload 
shoDe  before  hltn  and  In  the  midst  of  It  appewred  faces  whidi  be  «i)od- 
taneoiuiiy  compared  to  photographs.  In  this  stage  there  Is  unreasoulnfc 
Irritability  of  temper  and  susplcloua  dlflpoaltlon.  A  case  lllaitratlro  of 
the  melancholic  stage  was  characleri/^d  by  gloom,  sleeplessness,  mental 
a^tatlon,  restlessness,  vivid  but  corrigible  hallucinations  In  full  light, 
and  In  thin  stage  alcoholic  cases  And  a  ntx-f^Rsity  of  taking  fltlmuiants  for 
taking  stlmulnnts  on  going  to  bed.  When  this  stage  is  rencheil  lh« 
mind  Is  ant  to  be  chased  by  a  tumultuous  tempest  of  conflicting  thoughts 
and  pasBious  which  altogether  prevent  sleep,  llosa  thinks  acute  de- 
lirium comes  on  very  readily  when  snch  melancholic  cases  begin  to  In- 
dulge In  drink;  others  develop  excitement  or  mania;  while  a  third 
group  manifests  certain  incapacities  for  business  and  are  rendered  ud- 
tted  for  attending  to  tlieir  social  duties.  Such  patients  become  shy  and 
retiring,  and  cease  to  mingle  In  society.  This  timidity  is  seen  In  females 
who  give  way  to  secret  drfiiklne,  early  ceaae  to  attend  to  social  duUcs,  re- 
frain from  visiting,  and  their  friends  find  them  Indisposed.  As  the  dla* 
order  Increases  they  become  diii-trnstful  and  suspicious  of  nearest 
friends,  often  accuse  their  neighbors  of  circulating  scandals  about  them, 
or  of  overt  acts  of  Insult,  ratieuts  In  this  stage  suffer  from  dizzi- 
ness, afeellngof  Insecurity  In  walking,  and  a  pecnliar  disarrangement  In 
their  perception  of  the  space  relatione  of  surrounding  objects,  which 
may  be  regarded  as  a  hallucination  of  the  muscular  sense.  Koss  quotea 
lie  Qulncy  with  regard  to  this  peculiar  prolongation  of  the  .*en«c  of 
time  and  space.  In  the  melancholic  stage  the  p:itiont  often  suffers  from 
remorse  for  some  past  act,  often  foolish^  is  timid  and  tWUni  with  thoughts 
prompting  him  to  commit  evil  actions.  These  thoughts  often  take  an 
erotic  turn  while  at  other  times  they  assume  the  form  of  suicidal  im- 
pulses. For  the  third  or  maniacal  stage  Ross  refers  to  Bevan  Lewis's 
text^book.  In  this  stage  there  are  visual  hallucinations,  vivid  and  incor- 
rigible, burglars,  detectives,  men  In  collusion  with  their  wives,  etc. 
Anral  hallucinations  now  assume  the  form  of  distinct  voices  uttering 
blasphemous  oaths  and  curses,  or  are  voices  of  lll-dispnged  persons  In- 
triguing against  the  patient,  or  they  become  commands  from  heaven  or 
threats  from  the  spirits  of  darkness.  The  delusions  connected  with  the 
lightning  like  pains  and  other  sensory  disorders  which  the  patient  sufRvs 
are  endless. 

The  last  stage  of  aloobollo  Insanity  Is  alcoholic  dementia. 

Ross's  description  agrees  with  that  of  Korsakoff  as  regards  patients 
stating  that  they  have  heea  out  walking,  etc.,  when  they  have  not  left 
thetr  bed. 

Toatc  Ituantty  Ssptcially  in  Relation  to  Chronic  Alcoholism,  S.  A.  OiLL. 
Medical  Times  and  Circular,  May  21,  1890. 
Gill  defines  toxic  Insanltv  as  caufied  by  the  presence  In  the  circulating 
blood  of  such  poisons  as  alcohol,  opium,  chloral,  uric  acid,  lead,  and  the 
like.  Discusses  only  alcohol  In  its  remote  effect  ou  the  nervous  system. 
Divides  alcoholic  insanity  Into  acnte  and  chronic.  The  former  Is  mania 
i  potn,  melancholia  4  potu,  and  delirium  tremens.  Does  not  discuss 
these,  but  simply  calls  to  mind  whether  the  symptoms  they  present  are 
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found  In  chronic  alcoholism  or  chronic  deliriam  tremeng,  as  Maadaley 
callfl  it.  The  symptoms  ar«  slow  and  gradual  In  their  development,  yet 
are  preceded  bj  Uie  same  premonitory  s^s.  It  is  popalariy  thouffht 
that  wheneTer  uie  mind  etTcs  way  from  alcoholic  excess  that  delirium 
tremens  must  result ;  this  Is  erroneous  as  there  are  handieds  of  alco- 
holic subjects  who  never  have  deliriam  tremens,  yet  slowly  and  surely 
develop  nervous  symptoms  that  brins  them  within  the  walls  of  an 
•ajlum.  No  general  description  of  the  mental  condition  In  such  cases 
to  given;  a  case  of  chronic  alcoholism  is  described  and  the  pathology  of 
thu  diaeaM  Is  given. 
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ON  CERTAIN  PECULIABTTTES  OF  THE  KNEE-JERK  IN 

SLEEP  IN  A  CASE  OF  TERiDNAL  DEMENTIA. 
From    the     Laboratory    of    the     MoLeak    Abylum, 

SoMER%iLLE,  Mass. 


By  Wiu.iAH  Notes,  M.  D.,  ABslsUat  Physician  and  Pathologilst. 


In  the  more  precise  investigatioDS  of  the  phyaioloj^ical  cou- 
ditione  modifying  the  knee-jerk  all  investigators  have  foand 
that  the  mental  condition  of  the  normal  subject  entered  largely 
as  a  disturbing  factor,  the  different  emotional  states  and  the 
varying  conditions  of  the  nervous  system  invalidating  the 
result  to  a  certain  extent,  or  at  le,a8t  rendering  necessary  an 
enorraons  numl>er  of  obHcrvations  before  the  "  normal "  knee- 
jerk  for  any  individual  conld  be  obtained.  Emotional  states 
being  almost  compU'tely  abneut  in  cases  of  advanced  dementia 
it  wa.s  thought  that  an  investigation  of  the  knee-jerk  in  this 
state  might  yield  somt:  results  on  the  conditions  modifying 
it.  An  excellent  subject  was  found  in  an  elderly  man,  ad- 
nitt^ed  to  the  asylum  in  1841,  and  with  the  exception  of  the 
seven  years  prec-eding  1860  having  spout  this  whole  period  at 
the  McLean  Asylum. 

In  1843  it  is  stated  that  his  **  mental  faculties  [are]  mostly 
gone;  never  makes  an  inquiry  ;  spends  his  time  in  wandering 
about  the  yard;  slovenly  in  his  dress;"  and  but  little  or 
nothing  could  bo  added  concerning  his  mental  condition  at 
the  present  time.  His  dementia  is  complete,  he  having 
absolntely  no  knowlwlge  of  his  surroundings,  not  even  know- 
ing his  name,  is  unable  to  answer  qnestions  relevantly,  hia 
talk  tieing  utterly  incoherent.  He  is  good  natured  and  docile 
and  has  never  made  the  slightest  objection  to  the  experiments, 
which  almost  always  mean  an  extra  nap  for  him.     In  (act  he 
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will  go  to  sleep  in  almost  any  position  in  vbich  he  is  placed, 
and  remains  r>erfectly  quiet  and  contented.  Sevenil  demented 
men  were  tried,  but  with  the  exception  of  this  one  they  all 
proved  reaiHtive  or  resHeHS,  and  were  piven  np  one  after 
another.  The  patient  finally  selected  was  a  peculiarly  good 
one  for  a  prolonged  scries  of  tests  on  the  condition  of  his 
nervous  system  as  he  was  sabje<;t  to  i>enods  of  depression 
and  exhiliration,  such  as  not  infrequently  occur  in  chronic 
dements,  and  a  record  was  made  of  all  his  bodily  functions, 
pnlse,  temperature,  weight,  blood  pressure  so  far  as  this 
could  be  measured,  mental  (sjndition,  and  finally  knee-jerk 
in  the  hope  of  finding  some  change  in  his  bodily  condition 
coincident  with  the  change  in  his  mental  sta.U\  Unfortunately, 
from  the  point  of  view  of  gaining  any  information  on  this 
particular  point,  after  passing  through  one  cycle  of  exhilira- 
tion and  depression  he  settled  down  into  a  state  of  compar- 
atively even  mental  and  physical  life,  and  as  the  obser- 
vations taken  during  this  cycle  would  need  further  con- 
firmation no  mention  will  here  be  made  of  thera.  The 
original  problem,  also,  the  theoretically  lesser  variability  of 
the  knecvjerk  in  a  demented  person,  gradually  changed  into 
another  as  will  appear  snbseiiuently,  and  the  present  paper 
will  be  confined  to  a  consideration  of  two  important  pointa 
that  came  out  in  the  course  of  the  investigation. 

Apparatus  and  Method  of  Experimenfatiov. 

After  a  trial  of  difiereut  hammers  that  of  Lombard'  was 
finally  adopted,  that  of  Prof.  Bowditch-,  which  was  kindly 
loaned  for  an  experimental  trial  not  proving  strong  enough 
for  this  patient  in  whom  a  rather  heavy  blow  was  necessary. 
The  hammer  was  of  cast  iron,  the  handle  being  an  iron  rod 
20  cm.  long,  on  the  end  of  which  a  similar  piece  of  iron  rod 
4  cm.  long  was  fastened  horizontally,  serving  as  an  axis  and 
supported  in  an  iron  frame  work.  An  index  on  the  handle 
moved  over  a  graduated  scale,  so  tliat  by  raising  the  hammer 
any  given  number  of  degrees  the  samfi  strength  of  blow  was 
given.  Throughout  the  pxperiment«  the  hammer  always  feU 
45^,  except  in  a  few  in-.tnuces  whei*e  the  strength  of  the  blow 
was  changed  for  a  short  lime  for  some  special  purpose.  The 
hammer  was  supported  by  horizontal  rods  and  clamps  to  a 
piece  of  gas- pipe,  serving  as  an  upright  8upi>ort  fastened  to  a 
firm  wooden  base  that  could  U^  stnuin^ly  clamped  to  the  table. 
The  arrangement  conibincd  firmness  and  strength,  while  at 
the  same  time  the  hammer  could  be  quickly  raised  or  lowered, 
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or  moved  in  any  direction  horizontally,  and  thus  easily  ad- 
jnHted  to  hang  at  zom  of  the  scale,  when  the  patient^s  leg  was 
put  in  poHition.  When  pulled  back  into  position  to  strike 
the  blow  the  hammer  wa.s  held  by  a  largo  electro-magnet,  the 
support  of  which  was  also  adjustable.  The  hammer  was. 
puUwi  back  by  a  cord  and  released  by  a  simple  eironit- 
breaking  key.  The  blows  were  always  given  at  5  seconds 
intervals,  except  that  the  interval  was  occasionally  changed 
for  special  purposes,  bat  in  the  reports  of  the  experiments  5 
second  intervals  are  always  to  be  understood  uuless  other- 
wise distinctly  stilted.  The  patient  recline<l  on  his  right  side 
on  a  mattress  placed  on  a  table,  with  a  firm  support  extend- 
ing the  length  of  his  back.  The  left  knee  was  «npi>orted  on 
a  wooden  arm  extending  from  a  wooden  upright  that  was 
firmly  clamped  to  the  table,  and  the  left  foot  was  supported 
in  a  stirrup  hanging  from  the  ceiling  allowing  free  movement 
of  the  leg.  Attached  to  the  stirrup  at  tlie  point  on  which  the 
heel  n'Hted  was  a  st-eel  rod  3  feet  long,  passing  backwards  and 
supported  on  pnlleys ;  on  its  further  end  was  fastened  a 
thread  passing  over  pulleys  and  attached  to  a  short  vertical 
steel  rod,  moving  up  and  down  through  two  brass  supiwrts, 
and  snspcndcd  from  al>ove  by  a  light  spring.  A  cork  placed 
on  the  rod  carried  on  its  side  the  writing  point,  a  piece  of 
light  stiff  celluloid,  which  pressed  lightly  against  the  dram 
of  a  Balt7^r  Kymograph.  When  the  blow  was  stnick  the 
foot  moved  forward  pulling  the  steel  rod  with  it,  and  this  by 
its  thread  attachment  pulled  down  the  writing  point,  leaving 
the  recoixl  of  tlic  full  length  of  the  kick  on  the  smoked  sur- 
face of  the  paper.  Then;  was  of  course  always  a  slight  back- 
wanl  kick  which  appears  in  the  records  above  the  horizontal 
line  made  by  the  drum  revolving  under  the  writing  point 
when  this  was  at  rest. 

Disappearance  of  the  Knee-Jerk  in  Sleep  and  (he  Effect  of 
Auditory  Stimuli. 

The  disappearance  of  the  knee-jerk  in  sleep  has  been 
previously  observed.  *  Its  complete  disappearance  was  early 
noticed  in  our  patient  and  this  is  therefore  no  dejuirture 
from  the  normal.  As  would  naturally  Ix?  expected  the 
patient  went  to  sleep  much  more  <aisily  than  a  person  with 
an  active  mind,  and  it  was  thus  possible  to  observe  the 
phenomena  a  large  number  of  times. 

The  behaviour  of  the  knee-jerk  when  sensory  stimuli  are 
received  by  the  patient  during  this  periwJ  of  sleep  appears, 
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however,  to  be  a  distinct  departure  from  the  normal,  and 
suggests  that  the  weakened  state  of  his  brain  permits  the 
sensory  stimulus  to  exert  itit  effect  in  reinfon-ing  the  knee- 
jerk  for  a  mnch  longer  period  than  in  a  person  with  a  sound 
brain. 

That  the  kne€hjerk  is  inereased  when  the  patient  clinches 
his  hand  or  makes  any  violent  movement  eoinoident  with  the 
blow  was  first  shown  by  Jondrassik*.  **ile  also  thought 
that  stimulation  of  the  sensory  nerves  had  a  similar  influence 
oa  the  tendon  reflex,  hut  considered  his  experiments  on  this 
point  incomplete  and  that  such  an  influence  was  more  difficolt 
of  di'termination."     (Quoted  from  Bowditch  and  Warren.) 

Mitchell  and  Lewis'  made  a  study  of  the  conditions  under 
which  the  knee-jerk  is  increased  and  dirainishe<l,  aud  found 
that  volitional  acts  directe<l  to  other  parts  of  the  body,  pain- 
ful stimulation  of  the  nerves  of  the  skin  either  by  pinching  or 
by  the  application  of  heat,  cold  or  electricity,  caused  a  rein- 
forcement, as  did  also  a  burning  magnesium  wire  exposed  to 
the  eyes. 

Lombard  found  that  sensoi-y  irritations,  voluntary  move- 
nienlH  and  strong  emotions  when  Hyiichronous  with  the  blow 
increased  the  knee-jerk.  The  investigation  of  Bowditch  and 
Warren  hud  for  its  object  a  stmly  of  the  exact  relations  in 
time  between  the  knee-jerk  and  the  reinforcing  act,  and  was 
suggested  by  the  statement  of  Mitchell  and  Ijewis  "that  the 
muscular  action  or  circuit  closing,  must  precede  the  tap,  in 
order  to  reinforce  it,  by  a  period  which  is,  as  yet.  undeter- 
mined." The  conclusion  of  Bowditch  and  Warren  with 
regard  to  auditory  stimuli  was  that  *»the  effect  of  a  sndden 
auditory  stimulus  on  the  extent  of  the  knee-jerk  was,  in  the 
three  8ul»jeets  of  experiment,  almost  wholly  positive,  though 
great  individual  differences  were  observed.  The  maximum 
effect  was  produced  when  the  interval  l)etween  the  sound  and 
the  blow  was  0.2"— 0.3"." 

As  the  results  her©  to  be  recorded  have  to  do  with  the 
knee-jerk  in  sleep  the  experience  of  previous  investigators  on 
this  point  U  of  interest. 

Bowditch  and  Warren'  found  that  "the  monotouous  char- 
acter of  the  experiment  wa«  often  foun<l  to  produe<i  a  decided 
tendency  to  sleep  in  the  individual  experimented  on.  To 
counteract  this  tendency  an<l  to  insure  a  certain  degree  of 
attention  to  the  phenomena,  the  subject  of  the  experiuient 
was  required  to  declare  after  each  knee-jerk  whet-her  or  not  a 
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Arch.  f.  Klin.  Med.  1883,  XXXIU,  177. 
'Medical  A>u>8,  Feb.  13  and  20,  1886. 
'Loc.  ctt.  p.  68. 


PECirLIARIXrES  OF  THE   KNEE-JERK. 


gensory-Rtimulus  (i.  e.  sound,  flash,  etc.,)  had  been  perceived, 
or  in  otliiT  words,  whether  the  knee-jerk  was  Dormal  or  rein- 
foi-ced.  In  spit*  of  this  precantion  tho  tendency  to  sleep  was 
sometimes  quite  irresistible,  and  in  eight  or  nine  cases  the 
experiment  was  continned  after  the  subject  had  yielded  to  it 
and  was  sleeping^  soundly.  It  was  then  found  that  the  knee* 
jerkSf  both  normal  and  reinforced  grew  gradually  smaller, 
and  when  sleep  was  profound,  disappeared  entirely,  the  blow 
upon  the  knee  l)einff  absolutely  without  effect.  This  result 
i«  not  what  might  have  been  expftctwl  from  our  knowledge  of 
the  effect  of  sleep  on  the  ordinary  cutaneous  reflexes,  c.  g,, 
that  pi-oduoed  by  tickling  the  sole  of  the  foot.  Whether  this 
can  be  regarded  as  an  argument  against  the  reflex  rhara^'ter 
of  the  knee-jerk,  or  whetlier  we  have  here  an  essential  differ- 
ence between  deep  and  superficial  I'eflezes,  are  questions  to 
;  be  decided  by  futni-e  Investigations." 

Prof.  Lombani  has  kindly  gone  over  with  me  his  own 
curves  made  in  1887  in  New  York,  generally  on  healthy 
medical  students,  and  many  of  these  show  an  absolute  dis- 
appearance of  the  knee-jerk  in  sleep,  and  they  also  show  a 
sodden  rise  from  0  from  some  accidental  stimulus  such  as  the 
entrance  of  a  person  into  the  laboratory,  but  this  efiect  lasted 
over  but  a  few  kicks. 

In  our  demented  patient  when  the  knee-jerk  has  entirely 
disappeared  in  sleep  an  auditory  stimulus  causes  an  increase 
in  the  length  of  the  kick,  and  this  increase  is  visible  over  a 
long  series  of  jerks.  This  latter  phenomenon  is  apparently  a 
dei>arture  from  tlie  normal  and  a  peculiarity  of  tliis  subject. 
This  in  well  shown  in  Fig.  1.  The  patient  was  asleep 
from  the  beginning  of  the  experiment  and  soundly  asleep  witii 
total  disappejiranee  of  the  knf^-jerk  during  the  minute  and 
three  quarters  prece<ling  the  time  when  two  light  taps  were 
given  on  the  table  with  the  wooden  handle  of  the  needle  that 
was  being  used  by  the  observer  to  make  records  on  the  drum. 

The  knee-jerk  rose  from  0  to  9.5  mm.;  in  5  seconds  rose  to 
'  39.5  mm.;  in  the  next  5  seconds  to  59  mm.;  then  fell  to  38 
mm.;  through  the  29  succeeding  kicks  gradually  fell  with 
slight  fluctuations  to  6.5  mm.;  romaine<l  at  pra^'tically  (his 
length  for  3  kicks  ;  rose  to  15  mm.,  and  then  to  28  mm.;  fell 
to  16  mm.  and  14  mm.;  then  rame  5  kicks  avei-aging  6.6  mm.; 
then  came  a  rise  without  apparent  cause  to  44  mm.;  then 
followed  a  fall  to  0  after  tiuctuations  extending  over  27 
kicks.  Thus  one  auditory  stimulus  had  an  apparent  effect 
extending  over  72  kicks  occupying  6  minutes.  During  this 
whole  time  the  subject  waK  sleeping  soundly,  t>eing apparently 
M  sonnd  asleep  as  when  the  auditory  stimulus  was  first  given. 
Five  kicks  of  the  value  of  0  then  followed,  and  there  then 
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came  on  another  series  of  Jncrf^i^fHl  kiekt?  with  no  apparent 
cause,  lasting  over  16  kicks,  with  another  total  di^appearanoe. 
There  then  lolloweil  28  kicks  with  iilmoHt  total  disappeamnoe 
of  the  knee-jork  and  Uien  two  taps  (U)  brought  out  the  seriee 
of  reinforced  kicks  again,  with  a  peculiar  series  of  groups  of 
kicks  ext^^nding  to  near  the  end  of  the  experiment,  with  occa- 
sional total  disappearances.  Towai'd  the  end  (C)  two  taps 
produced  almost  no  effect,  cansing  a  rise  only  to  10  mm.  from 
a  preceding  7,  then  followed  18,  10.5,  4  and  0.  After  three 
of  0  value  another  lengthened  group  came  on  with  no  ap* 
parent  «inse,  and  at  thiH  point  the  subject  was  awakened  by 
being  spoken  to.  It  wa«  noted  that  this  day  he  was  decidedly 
more  dull  than  on  tlie  day  before,  that  he  slept  from  the 
bt^ginning  to  the  time  he  was  awakened,  and  that  all  cffoils 
to  rouse  him  at  this  point  amounted  to  but  little  as  he  would 
simply  mutter  a  little  and  then  dropoff  to  sleep  again.  There 
wei-e  no  accidental  sensory  reinforcements  that  were  sufficient- 
ly noticeable  to  t»e  brought  to  the  consciousness  of  the  ob- 
server who  was  on  the  watch  to  note  them.  The  peculiar  set 
of  "groups"  of  kicks  occurring  daring  the  course  of  this 
experiment  will  be  discussed  later  on. 

This  prolonge<l  effect  of  a  sensory  stimulus  is  seen  again  in 
Fig.  2,  where  two  clicks  were  given  on  a  telegraph  sounder  at 
A,  after  the  knee-jerk  had  entirely  disappeared.  Herethekick 
rose  from  0  to  IS  mm.,  and  then  to  42  and  44,  falling  through 
17  kicks  to  3  mm.,  not  reaching  0  again  for  17  more  kicks. 
There  were  three  kicks  of  the  value  of  0,  a  short  rise  over  4 
kicks,  a  total  disappesii-auee  during  2  more,  the  netMlle  not 
even  making  a  dot  on  the  line,  and  then  there  came  another 
of  the  "groups,"  B,  with  no  apparent  exciting  stimulus, 
lasting  over  10  kicks  before  these  entirely  disappeared  again. 
There  were  slight  rises  above  the  0  line,  and  at  C  a  noise  on 
the  floor  below  caused  another  series  of  reinforce<l  jerks,  and 
the  subject  awoke.  Practically  this  same  effect  of  stimuli  is 
seen  iu  Fig.  3,  where  at  A  and  B  walking  on  the  floor  below 
caused  the  rises  thei*e  shown;  the  much  lesser  effect  of  the 
second  stimulus  is  seen  in  the  fewer  number  of  kicks  that 
were  caused  by  it.  Blows  were  delivered  at  the  i-egular  5 
se<!ond  intervals  although  without  the  effect  of  moving  the 
needle  from  the  straight  line,  nntil  at  C  two  t^ips  with  the 
neetUo-handle  and  a  distant  locomotive  whistle  a  little 
later  eaufie<l  the  prolongetl  series  of  inci-eased  kicks  that' 
followed.  Here  again  it  must  be  rememl)erea  that  to  all 
outward  appearances  the  patient  was  sleeping  as  soundly 
as  when  the  sensory  stimuli  were  received.  Fig.  4  shows 
the  same  effect  once  more,  the  knee-jerk  having  entirely 
disappeared  during  the  period  represented   by  the  straight 
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Hue  preceding  A,  lOows  being  etrnck  at  the  regular  5 
seconds  intervals,  while  at  A,  a  passing  barrow  erased  a 
slight  rise  and  at  H  the  noi^e  of  a  p:u4Hing  cart  (nnseii  a  much 
greater  rise,  with  a  secondary  rise  a  little  later,  with  another 
rise  before  the  knee-jerk  entirely  reached  0  again,  and  then 
after  three  kicks  of  the  value  of  0  there  was  still  another  rise, 
when  there  was  again  total  disappearance. 

In  Fig.  5,  the  effect  is  shown  of  giving  the  rappingstimolns 
seven  times  in  snccession.  The  largest  effect  was  after  the 
second  time  where  the  reinforcement  conlinued  over  13 
kicks  before  the  zero  point  was  n'liched.  AJtA*r  the  third 
Btimnlns  there  were  8  reinforced  jerks  before  the  kicks  sank 
again,  not  to  0,  but  to  i  mm.  Stimulus  no.  4  called  out  only 
two  reinforce<i  kicks,  no.  5  calle<i  ont  2,  no.  6,  4,  and  no.  7, 
6.     At  no.  8  the  patient  wss  awakened. 

These  would  seem  to  show  that  the  subject  had  gradually 
become  accustomed  to  the  stimnlns  and  thus  its  effect  was 
lessened.  If  it  is  argued  that  the  patient  was  more  wakeful 
at  6  and  7  as  shown  by  the  fact  that  the  kicks  did  not  return 
to  0,  this  would  mean  also  that  stimuli  did  not  have  so  great 
an  effect  during  this  more  wakeful  condition  as  during  the 
condition  of  deeper  sleep.  This  diminution  of  the  effect  of  a 
reinforcing  stimulus  is  shown  in  Fig.  6  where  2  dicks  were 
given  on  a  telegraph  sounder  at  (I),  causing  a  marked  effect 
lasting  through  6  kicks,  and  then  disapjHmred,  to  l>e  followed 
by  a  secondaiy  rise  during  7  kicks,  and  then  a  total  disap- 
pearance. A  rei>etition  of  the  clicks  however  at  (2)  was 
followed  by  no  response  for  the  first  kick  but  the  secon<l  and 
third  kicks  rose  resiwctively  to  I  and  2  mm.,  which  onlin- 
arily  would  be  a<'couuted  for  by  the  jarring  of  the  apparatus,  but 
in  this  particular  instunce  there  ha<l  l>een  no  movement  even 
from  the  jarring,  so  it  seems  fair  to  attribute  these  two  move- 
ments of  the  writing  needle,  slight  as  they  are,  to  the  knee- 
jerk.  A  tliird  repetition  of  the  stimulus  (3)  called  ont  a 
knee-jerk  of  3  mm.,  followetl  by  a  total  disapi>earance  during 
6  kicks,  then  a  kick  of  8  mm.  with  no  apjmrent  prw-etling 
BtimulDB,  a  disappearance  of  three  kicks,  and  then  a  repetition 
of  the  clicks,  this  time  three  clicks  inste-.wl  of  two,  produced  a 
kick  of  8  mm.  with  another  tot^l  disappcjiniuce.  A  rejM^tition  of 
the  three  clicks  (5)  caused  no  respou.se  for  thr  first  kick,  but 
the  second  rose  tx)  2li  mm.,  the  third  to  43,  and  from  this 
time  on  there  was  no  disappearance  but  a  kick  followed 
every  blow  of  the  hammer. 

Attempts  to  find  a  similarly  marked  reinforcement  from 
auditory  stimuli  while  the  patient  was  an'ake  did  not  meet 
with  as  good  results  a^  while  he  was  asleep.  Fig.  7  shows 
a  portion  of  a  curve  taken  from  the  middle  of  a  tracing  while 
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the  mibject  was  fnlly  awake.  At  the  places  indicated  by  dots 
two  clicks'  were  given  on  the  telegrdph  Bounder  and  an 
apparent  reiuforcemeul  apiH*ars  at  timoR,  and  ii^ain  an  appar- 
ent inhibition.  Thin  diHa^reenient  may  bo  due  to  the  fact  that 
the  interval  of  time  by  which  the  soand  preceded  the  blow  was 
not  measured,  so  that  the  blows  may  have  been  stmok  at  the  re- 
inforcing interval  at  one  time,  and  at  the  inhibiting  interval  at 
another.  The  irrcfjnlaritieH  in  tiie  kicks^  daring  the  period  that 
the  reinforcing  signals  were  being  given,  are  no  greater  than  the 
irregularities  in  the  kicks  pi'eee4]ing  and  following  the  rein- 
forcing signals.  The  sounds  both  inside  and  outside  the  lalwr- 
atory,  that  had  so  much  eflw^t  during  sleep,  never  appeared  to 
have  a  correspoudiug  efiect  when  the  sul)ject  was  awake.  To 
have  settled  this  point  definitely  wonld  have  necessitated  a 
repetition  of  the  elaborate  experiments  of  Bowdit^^h  and 
Warren.  Nor  was  the  interval  by  which  the  soand  preceded 
the  blow  in  sleep  measured ;  it  probably  usually  varied 
between  one  and  two  seconds.  As  the  |>eculiar  prolongation 
of  the  reinforcement  made  its  appearance  apparently  irrespect- 
ive of  the  interval  by  which  the  sound  preceded,  particular 
attention  was  not  given  to  this  ]>oint.  It  would  be  interest- 
ing to  determine  if  an  int-erval  <H)uld  Ix*  found  at  whicJi  the 
stimulus  would  inhibit  such  a  prolonged  series  of  kicks  as 
shown  in  some  of  the  curves.  On  several  occasions  the  first  kick 
after  an  auditory  stimulus  did  not  rise  as  high  as  the  second, 
B»  shown  in  Fig.  3,  and  this  raises  the  question  whether  the 
inhibiting  interval  may  not  have  accidentally  been  struck  here, 
but  the  effe^^t  of  the  inhibition  passing  off  during  the  succeed- 
ing 5  seconds,  the  stimulus  exerted  its  full  force  and  the  kick 
rose  to  the  maxijuum.  Should  this  be  so,  it  would  seem  to 
point  to  the  necessity,  in  measuring  the  interval  by  which 
the  blow  must  l)e  pre<^eded  by  tlie  sensory  stimulus  to  pro- 
duce inhibition  or  reinforcement,  of  following  the  first  blow 
by  several  more  at  comparatively  short  intervals.  With 
regard  to  sensory  stimuli  that;  re:u;hed  this  patient  during  the 
time  he  was  awake  it  can  only  be  stated  that  these  appeared 
to  have  a  very  slight  and  trifiins  effect  compared  with  those 
that  rea<!h<Ml  him  during  Hlee]>. 

It  should  b<r  added  that  previous  observers  of  the  disap- 
pearance of  the  knee-jerk  in  sleep  and  of  its  rise  in  this  con- 
dition in  response  to  external  stimuli  have  not  delivered  the 
blows  at  the  same  intervals  as  in  tliese  exi>eriments,  conse- 
quently it  is  possible  that  some  of  the  effects  of  the  stimuli 
may  not  have  been  i^corded  in  their  tracings.  Attempts  were 
made  to  settle  this  point  by  experiments  on  normal  indi- 
viduals, but  the  knee-jerk  did  not  entirely  disappear  in  sleep 
in  the  trials  that  were  made.     In  Fig.   12  there  is  shown  a 


4 


^rt'ion  of  one  of  these  tracings  from  one  of  the  medical  hou&e- 
pupils.  The  experiment  was  be^ao  at  10.10  p.  m.  and  con- 
tinued until  11.15  p.  m.  The  portion  shown  is  from  alwut 
the  middle  of  the  tracing,  after  the  Hubject  had  become 
thoroaghly  drowsy,  and  a  gi*dual  diminuation  of  the  length  of 
the  kicks  is  seen  as  the  experiment  progressed.  When  it  be- 
came probable  that  the  knee-jerk  would  not  completely  disap- 
pear the  customary  auditory  stimuli,  two  taps  with  the  needle- 
handle,  were  given  at  (1),  (2),  (3)  aud  (4).  Although  there 
wa«  a  reHX)OU!«i  in  eat:li  casp  the  effect  of  the  stimuli  extended 
over  a  mnch  shorter  period  than  in  the  demented  patient. 
Beginning  with  the  tenth  kick  preceding  the  point  at  which 
the  stimulus  was  first  given  at  (1),  the  length  of  the  kicks  in 
millimetres  is  given  below. 
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In  each  of  the  four  cases  the  two  taps  were  given  im 
mediately  preceding  the  kick  designated  by  the  figures  (1)^ 
(2),  (3)  and  (4). 

It  will  be  seen  that  the  effect  of  the  first  stimulus  can  be 
traced  over  the  three  following  kicks,  and  then  the  knee-jerk 
fell  to  4  mm.  The  .second  stimuluH  caused  u  rise  from  2.5  mm. 
to  15  ram.,  but  at  the  next  kick  the  knee-jerk  fell  to  3  mm. 
The  third  stimulus  caused  a  rise  from  3  mm.  to  7  mm.,  and 
the  next  kick  fell  to  4.5  mm.  As  the  effect  of  the  stimuli  was 
evidently  diminishing,  the  fourth  stimulus  (4)  was  made  much 
louder  than  the  prece<ling  ones,  and  the  knee-jerk  rose  from 
2  nun.  to  7  mm.,  and  then  to  14  mm.;  the  succeeding  three 
kick  were  6  mm.,  8  mm.,  and  2  mm. 

In  no  instance  did  any  such  prolonge<l  effect  from  the 
stimuli  occur  as  is  shown  in  the  tracings  from  the  demented 
patient.  Fig.  12  also  shows  the  '-gi-oups"  of  kicks  thitt 
could  not  l)e  identified  with  any  external  stimulus;  these 
groups  are  well  shown  before  the  stimuli  were  given  by  the 
two  taps.  During  the  time  that  these  groups  appeared  the 
Bubject  was  in  the  same  condition  of  half-sleep  as  when  the 
groups  came  out  best  in  the  demented  patient. 
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It  was  possible  on  several  oceasions  to  find  well  marked 
eyidencee  of  this  rhythm  while  the  snbjecte  were  fully  awake. 
Fi^.  11  is  a  tracing  from  the  demented  patient  while  awake, 
and  the  wave  like  movement  of  the  tops  of  the  kicks  is  very 
evident. 

As  has  already  been  stated  there  were  suggestions  of  this 
rhythm  (?)  all  through  the  tracings,  from  the  first  of  the 
experimejitfi,  even  during  the  waking  state ;  but  in  none  of  tho 
other  tracings  during  the  waking  condition  is  it  as  well  shown 
as  in  Fig.  XI.  This  same  suggestion  of  a  rhythm  is  also 
shown  in  Fig.  13,  which  is  of  a  tracing  taken  from  a 
case  of  well  advanced  general  paralysin.  This  patient  was 
in  the  quiet  and  apathetic  stage  of  the  disease,  much  demented, 
with  ataxic  gait,  and  slow,  Btammering  Hpeech.  He  was 
awake  dnring  the  whole  experiment.  The  same  wave  like 
appearance  of  the  ends  of  the  knee-jerks  is  well  marked. 

A  tracing  from  still  another  patient  is  shown  in  Fig.  14. 
This  man  was  a  case  of  dementia,  but  not  nearly  so  far  ad- 
vanced as  the  first  case.  He  was  awake  dnring  the  experi- 
ment. There  is  seen  the  same  suggestion  of  the  wave-like 
motion  of  tlie  ends  of  the  knee-jerks. 

A  point  not  imme<liately  connecte<l  with  those  alrea<ly  dis- 
cussed, but  having  a  bearing  on  the  general  question,  is  illustra- 
ted in  Fig.  15,  which  is  a  jwrtion  of  atracing  from  the  first  case 
of  dementia.  The  subject  was  fully  asleep  as  is  seen  from  the 
total  disappearance  of  the  knee-jerk  during  the  first  part  of 
the  tracing  shown.  At  R  the  hammer  fell  out  of  time,  inter- 
rupting the  i-egnlar  5  seconds  interval,  and  as  a  result  ol  this 
disturbance  of  the  regularity  of  the  blows  the  knee-jerk  rose 
dnring  the  next  four  kicks.  At  H-  the  rhythm  of  the  blows  was 
intentionally  interrupted,  with  the  result  of  causing  a  rise  in  the 
knoe-jerk  again,  but  this  time  less  than  at  first,  showing  that 
the  nervous  system  had  iMHome  ac<!n.4tx)med  to  this  change  of 
rhythm.  At  R^  the  blows  were  delivered  in  as  quick  succes- 
sion as  possible,  causing  a  much  greater  increase  of  the  knee- 
jerk  than  on  either  of  the  other  two  occasions ;  after  eight 
blows  given  at  the  regular  5  seconds  Interval  the  knee-jerk 
again  sank  to  0. 

lihythmic  Grouping. 

Besides  showing  the  j>eculiar  prolongation  of  the  effect  of  a 
sensory  stimulus  Fig.  1  .shows  alwo  the  peculiar  "groups'* 
of  kicks  that  appear  in  the  curves  with  no  apparent  auditory 
stimulus  to  account  for  them.  One  is  tempted  to  speak  of 
these  groups  jis  falling  into  a  rhythm,  but  they  do  not  occur 
under  circumHtauces  justifying  one  absolutely  iu  making  this 
claim.     Yet  looking  at  this  carve  as  a  whole  it  is  difficult  not 


W  think  that  there  must  be  Kome  rhythmic  periodical  activity 
of  tbf!  lK)dy  to  produce  tliese  wave-like  rises  and  fallH.  It 
will  be  seen  that  there  were  four  of  these  proaps  before  the 
anditory  stimulus  was  given  at  A  aud  the  blows  at  tlie  Iwgiu- 
in^  of  the  experiment  appe^ir  to  have  be^iu  at  the  top  of  one 
of  these  crests.  After  the  effect  of  the  stimulus  given  at  A. 
had  disappeared  two  of  these  groups  came  on  before  the 
second  stimulns  was  given  at  B,  and  after  the  effect  of  this 
had  disappean^d  the  K^onps  continnetl  to  appear  to  the  end 
of  the  experiment.  It  is  to  be  not>e<l  in  this  connection  that 
the  reinforcement  at  A  came  at  about  the  time  when  a 
*'Kroup"  mi^;ht  have  been  looked  for,  and  the  question 
arises  did  the  auditory  stimulus  simply  intensify'  one  of  these 
periodical  rises  in  the  knee  jerk.  At  none  of  the  places  where 
these  rises  came  on,  except  at  A,  B  and  C  wtre  there  any 
reinforcins  stimuli  to  account  for  them.  At  B  also  the 
stimulus  appears  to  have  come  at  about  the  time  when  a  rise 
was  due,  while  at  C  the  stimnlns  seems  to  have  come  between 
two  groups,  and  this  may  account  for  the  fact  thftt  there  was 
a  shorter  efjett  of  the  stimulus  here  than  at  A  aud  B. 

Inexamininjx  the  remaining  diagrams  showing  the  prolonged 
effect  of  sensory  stimuli  to  see  if  one  of  these  ** groups"  may 
have  entered  as  a  disturbing  factor  the  only  instance  where 
this  could  be  thought  to  do  so  is  in  Fig.  -1  where  the  second- 
ary rise  after  B  may  possibly  lje  looked  on  as  a  ** group/' 
bat  the  prolonged  reinforcing  effect  of  the  stimulus  at.  B  ia 
nevertheless  sufficiently  well  marked.  The  **grouping'^  is 
again  well  shown  in  Fig.  8.  The  series  is  taken  from  the 
middle  of  a  tracing  aft-er  the  patient  was  fully  asleep.  There 
was  an  interval  of  seven  minutes  iK'tween  the  first  kick  and  tlie 
pi-eceding  one,  and  the  first  blows  after  this  interval  of  rest 
naturally  acted  as  a  reinforcement,  hut  the  kicks  soon 
diaiiuished,  and  the  peculiar  wave  like  movement  of  the  curve 
developed.  There  were  no  sensory  reinforcemcntvS  from 
sounds  and  the  subject  seemed  to  l)e  in  the  soundest  sleep. 

The  same  phenomenon  is  seen  again  in  Fig.  9,  where  thero 
were  no  sensory  stimuli  except  at  1  where  two  taps  were  given, 
and  at  C  where  a  passing  train  of  cars  was  heard.  This  shows 
a]BO  that  the  two  taps  did  not  invariably  «il!  out  the  pro- 
longed reinforcing  eH*H^t  that  usually  foUowtni. 

It  was  possible  on  some  occasions  to  account  for  the  changes 
by  variations  in  tiie  dei»tli  of  sleej),  as  in  Fig.  10.  Here  at 
the  paints  raarkwl  A  there  were  no  anditory  stimuli  to 
ac<?ount  for  the  rises,  but  in  the  intervals,  at  the  points 
marked  B,  there  were  audible  evidences  of  the  soundness  of 
the  sleep.  Usually  however  it  was  not  j»ossible  to  detct^t  such 
a  change,  and  the  waves  rose  and  fell  without  any  DOticcable 
cihange  in  the  regulai-ity  of  the  respiration. 
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The  question  as  to  the  cause  of  this  rhythmic  (t)  grouping 
of  the  knee-jerks  in  sleep  is  a  very  interewtiD^  cue,  awl  con- 
siderable attention  was  given  to  it  in  attempting  to  find  an 
explanation.  The  phenomenon  was  noticed  very  early  in  the 
experiments,  and  many  of  the  tracings  made  while  the 
8ubjc('t  was  awake  sugj^eat  thiH  same  tendency  to  » 
periodicity.  The  ''grouping"  always  shows  best,  however, 
in  a  condition  that  might  be  termed  half  sleep,  where  the 
subject  is  to  all  api>earauces  sound  asleep,  but  that  he  is  not 
in  thfi  profonndest  sleep  is  shown  by  the  fact  that  his  knee- 
jerk  is  not  entirely  abolished.  Attempts  were  made  to  find 
some  connection  I>etween  these  "groups"  and  the  respiratory 
rhythm,  and  the  respiratory  curve  and  the  knee-jerk  curve 
were  taken  simultaneously^  but  the  results  were  entirely 
negiitive,  no  particular  leugth  of  kick  being  found  aAsociat<ed 
with  a  particular  phase  of  the  respiratory  curve.  The  attempt 
was  also  made  by  taking  a  plethysmogiaphic  tracing  from  the 
arm,  to  find  some  connection  between  the  depth  of  sleep  and 
the  variations  in  the  knee-jerk,  but  these  at  first  were  equally 
unsuccessful.  Later  it  was  suggested  that  there  might 
possibly  he  some  connection  l>etween  the  gronps  and  the 
Traut)e-Hering  curves,  and  acting  on  this  suggestion  addi- 
tional i»lethysuiographic  tracings  were  taken.  A  glafis 
plethysmograph,  suspended  from  the  ceiling  to  allow  free 
movement,  was  placed  on  the  patient's  left  arm,  and  connec- 
tion was  made  through  a  glass  tube  having  rubber  jointa 
virh  a  very  sensitive  Marey  tambour,  the  writing-needle  of 
which  was  placed  directly  over  the  writing- needle  of  the 
knee-jerk  apparatus,  so  that  the  two  curves  were  made  syn- 
chronously on  tlie  revolving  cylinder  of  the  kymograph.  The 
Traube  Bering  cur^'cs  did  not  always  appear,  and  there  were 
also  many  times  when  the  peculiar  *' groupings'*  did  not 
appear,  as  it  was  necessary  for  the  patient  to  be  in  the  con- 
dition of  half-sleep  already  alluded  to,  and  aLso  that  there 
should  be  few  or  no  disturbing  noises.  The  necessary  condi- 
tions have  been  fulfilled  on  repeated  occiisious,  however, 
and  a  series  of  tracings  obtained  where  there  is  a  good 
Traubc-Hering  curve  and  also  a  good  series  of  '^groups"  of 
knee-jerks.  A  portion  of  one  of  these  double  curves  is  shown 
in  Fig,  16.  The  pulse  beats  are  well  marke<l  and  the  res- 
piratory rhythm  is  also  well  shown.  The  jarrins  of  the  blow  of 
the  hammer  was  sufficient  to  set  the  needle  of  the  Marey 
tambour  violently  o.*iciIlating,  so  that  the  respiratory  rhythm 
appears  to  be  unduly  accentuated,  but  this  sharp  upward  rise 
isduc  to  the  vibration  of  the  nt^Mlle.  The  Traubc-Hering  curve  is 
also  well  marked,  the  tops  and  bottoms  of  the  waves  being 
connected  by  straight  lines.     It  will  be  seen  that  there  is  an 


apparent  coincidence  between  the  two  curves— that  the  Traul>e- 
Hprinjc  cnrvf  descrends  lowest  in  that  part  of  the  ''group" 
where  the  kicks  are  longest,  and  at  places  whei*e  the  Ti-anl>e- 
Hering  curve  is  highest  the  knee  jerks  are  much  diminished. 
A  rifie  in  the  Traube-Hering  curve  means  of  course  increased 
blood  pressure  in  the  arm,  and  a  fall  in  the  curve  corresponds 
to  diminished  blood  pressurc.  On  Mosho's  theory  that  in- 
creased blood  pressure  in  the  extremities  means  lessened 
blood  pressure  iu  the  central  nervous  system  we  should  have, 
during  the  time  that  the  Traube-Hering  curve  is  at  its  height, 
relative  anaemia  of  the  brain  and  cord  ;  and  during  the  time 
tliat  the  Tmube-Hering  curve  is  lowest  relative  hyperaemia 
of  the  bi-ain  and  eord.  There  are  objections  to  Mosso's  theory, 
howt^ver,  as  it  fails  to  take  into  account  the  at)dominal  circu- 
lation, and  the  possibility  that  a  change  of  blood  pressure  in 
the  extremities  may  mean  simply  an  opT>osit(*  eiiange  in  the 
aMominal  cavity  and  not  in  the  central  nervous  system. 

Could  we  adopt  Moseo's  view  it  would  simplify  the  problem 
greatly  to  say  that  if  we  got  a  rise  in  the  TmulxvHer- 
ing  curve  this  would  mean  a  diminished  blood  supply  to 
the  brain  and  cord,  and  a  fall  in  the  Ti*aube-Hering 
curve  would  mean  a  corresponding  increase  of  the  blood 
supply  of  the  central  nervous  system.  The  diminished 
knee-jerk  would  then  naturally  follow  from  the  lessened 
functional  a<-tivity  of  the  spinal  cord  at  the  height  of  the 
peripheral  Ti-aulx.-Hering  wave,  while  an  increased  knee- 
jerk  from  increased  functional  activity  of  the  cord  would 
follow  at  the  low  phaHcof  the  peripheral  Traube-Hering  cui-ve. 
The  occurrence  of  the  high  phase  of  theTraulM-*-Hering  curve 
with  a  diminished  knee-jerk,  and  of  the  low  phase  with 
an  increased  knee-jerk  has  been  noticed  with  suflicient 
fre<|Uency  to  give  consi  ierable  probability  to  the  theory 
that  there  may  be  a  constant  relation  between  the  two. 
The  Traube-Hering  curves  shown  in  Kig.  IH  demonstrate 
that  there  is  a  rhythmic  rise  and  fall  in  the  blood  pres- 
ftnre  of  the  arm,  as  has  been  frequently  proved  before. 
There  is  thus  naturally  good  reason  to  infer  that  with 
this  rise  and  fall  occurs  throughout  the  whole  vasenlar 
system,  and  that  tJie  vascular  supply  of  the  central  nervouB 
system  is  sul)ject  to  this  same  periodicity.  It  also  seems  per- 
fectly fair  to  asaumo  that  this  rhythm  might  not  necessarily 
he.  the  same  throughout  the  whole  vascular  system  of  the 
body.  We  only  mnrd  assume  that  the  vasomotor  centre  in 
the  medulla  sets  np  the  rhythmic  contractions  and  dilatations 
in  the  vascular  system  that  show  themselves  in  the  periphery 
in  the  Traub-ellering  curves,  but  this  rhythmic  influence 
would  not  necessarily  propagate  itself  tliroughont  the  whole 
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body  ^thin  the  same  time,  the  vascalar  system  i>o<;Kessiiig 
oonsid^i-ablc-  inertia^  and  the  amoant  of  blood  to  be  intiuonced 
being  80  great.  Several  rh3rthm9  differing  in  time  might  e-aeily 
be  present  in  the  vascnlar  supply  of  diflerent  portions  of  the 
body,  dependent  on  the  different  rates  at  which  the  vaso*motor 
influence  bad  propagated  itself  through  the  arterial  system ; 
8urh  rhythms  should  show  the  same  geoeral  characters  with 
regard  to  rise  and  fall.  Fig.  17  Afaows  the  result  of  assuming 
that  thiA  rhythm  in  the  central  nervous  system  differs  a  little 
in  time  from  the  rhythm  in  the  peripheral  circulation.  In 
Fig.  17  the  TraulM-Heriug  curve  phown  in  Fig.  Iti  has  l>een 
moved  back  a  distance  reprewnting  20st*conds  in  time,  which 
would  moan  that  the  vasomotor  intlnence  affected  the  blood 
supply  of  the  central  nervous  system  20  seconds  before  it 
reached  the  art«ries  of  the  periphery^  which  seems  a  not  im- 
probable supposition.  Although  even  with  this  change,  the 
cn'sts  of  the  Traube-Hering  wave  do  not  absolutely  (.y}incide 
with  the  points  of  the  greatest  diminution  of  the  knee-jerk 
curve,  and  vioe-versit,  yet  the  coincidence  is  much  more 
striking,  and  additional  weight  seems  to  be  given  to  the  infer- 
ence that  there  may  be  some  connection  between  the  two 
carves.  It  will  l>o  noticed  that  at  one  point  of  the  knee-jerk 
there  was  a  disturbing  factor  caufMnl  by  the  slamming  of  a 
door  lielow,  at  A.  sending  the  knee-jerk  up  at  this  point,  and 
thereby  appan^ntly  making  the  summit  of  this  knee-jerk  wave 
farther  along  than  it  otherwise  would  have  been. 

In  Fig.  18  there  is  a  much  closer  coincidence  in  the  two 
waves  than  in  Fig.  16.  Here  the  Tranbe-Hering  curve  makes 
a  long  descent  between  4  and  5,  with  a  still  longer  ascent  to  6. 
Again  it  is  to  be  noted  thatat  4,  where  the  Traube-Hering  wave 
descends  lowest,  the  knee-jerk  curve  is  also  longest. 

The  same  general  coincidence  of  the  two  curves  is  again 
seen  in  Fig.  19.  This  was  one  of  the  earliest  tracings,  and  the 
writing  needle  of  the  Marey  tambour,  connected  with  the 
plethysmograph,  did  not  make  as  good  a  record  as  it  did  later. 
At  the  end  of  the  record  the  patient  fell  into  his  dee]>est  sleep 
with  the  entire  disappearance  of  the  knee-jerk.  It  is  interest- 
ing to  note  that,  although  the  Traube-Hering  curve  continnes 
after  the  knee-jerk  has  entirely  disappeared,  yet  at  no  point 
does  the  Traul>e-Hering  wave  descend  as  low  as  at  A,  where 
there  was  the  longest  gronp  of  kicks.  As  in  Figs.  16  and  17^ 
there  is  the  same  number  of  waves  in  the  knee-jerk  curve  as 
in  the  Trauljc-Heriug  curve. 

Fig.  20  is  from  another  of  the  early  tracings,  bat  it  serves 
to  show  the  same  general  characteristics  that  have  been 
brought  out  by  the  other  carves.  At  A  a  secondary  wave 
ftppeArs  on  the  long  descent  between  6  and  7,  and  slight  oor- 
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r««ponding  <;hangwi  may  be  noted  in  the  knee-jerkH  lielow. 

All  the  plethysmographk"  tracings  given  were  t«ken  from 
the  left  arm.  A»  it  would  l)e  valuable  contirmatory  evidence 
to  obtain  similar  tracings  from  thp  h»g,  a  tin  picthysmograph 
in  the  shape  of  a  bootwaH  made,  and  in  this  the  i)atient's  right 
foot  and  leg  wei-e  placed  ;  the  rubber  band  that  served  to  keep 
back  the  water  comiug  just  below  the  knee.  (Into  each 
plethysmoprraph  water  of  30'  C.  was  poured  to  take  np  the 
extra  air  space  not  occupied  by  tht^  leg  anil  arm.  The  water 
did  not  (juite  fill  the  plethysmographs,  a  small  air  space  l>eing 
left  at  the  top  to  allow  free  access  of  the  air  to  thi?  opening 
oommuuicationg  with  the  glass  tnbe  and  Marey  tambour.  A 
much  better  tracing  was  made  by  the  writing  needle  with  the 
water  in  the  jilethysmogi-aph  than  with  this  empty,  oh  the 
pulsations  were  thus  confined  to  the  small  body  of  air  directly 
above  the  water,  and  the  arc  of  vibration  of  the  needle  corre- 
spondingly increased).  The  leg  plethysmograph  wa«  sus- 
pende<l  from  thp  ceiling  in  the  same  wa}'  as  that  for  the  arm, 
and  it  was  still  possible  to  have  the  left  leg,  which  was  still 
the  upper  one,  in  the  same  position  as  before  for  the  knee-jerk 
experiments.  Tracings  wei-e  then  made  showing  synchronous 
right  leg  and  left  arm  plethysmographie  curves  anrl  the  left 
knee-jerk  oui-ve.  It  was  found,  however,  that  the  jarringof  the 
blow  of  the  hammer  on  the  left  leg  communicated  itself 
through  the  l>ony  pelvis  sufficiently  to  affwit  the  right  leg  in 
the  plethysmograph,  causing  a  serious  vibration  of  the  nwMile 
with  each  blow,  interfering  with  the  production  of  a  good 
curve.  The  arm  and  leg  plethysmographie  curves  wore  then 
taken  without  the  knee-jerk  curve  with  lietter  results,  and  a 
general  correspondence  was  found.  The  leg  plethysmographie 
curve  was  never  as  satisfactory  as  that  of  the  arm,  for 
it  was  possible  to  place  the  whole  arm  in  the  plethysmo- 
graph, the  strong  pulsation  of  the  radial  artery  being  strong 
enough  to  give  a  well-marked  tracing,  but  no  similarly  strong 
pnlsation  could  l)e  obtained  from  the  foot  and  calf  of  the  1^, 
While,  therefore,  the  experiments  with  the  leg  plethysmo- 
graph need  to  be  carried  fartJier,  yet  so  far  Uiey  point  to 
similar  results  as  with  the  arm. 

Should  the  conclusions  suggested  by  the  knee  jerk  and 
plethysmographie  curves  seem  to  bo  justified,  and  .should 
they  be  borne  out  by  further  research,  (he  knee-jerk  would 
thus  be  brought  into  connection  with  the  other  rhythmical  and 
periodic  activities  of  the  body.  The  vasomotor  infiuenw  that 
produces  the  Tniul)e.IIering  curves  is  necessarily  constantlv 
active,  hut  its  effects  are  usually  obscured  by  many  other  con- 
ditions. It  would  appear  i>robable  on  a  pnori  grounds  that 
the  Traabe-Hcring  carve  would  come  out  more  clearly  where 
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the  cerebral  influence  was  removed  or  inhibited,  and  we  fintf 
the  Tranbe-Iloring  curve  coming  out  with  marked -digtinct- 
n<*8S  in  onr  demente<1  nnhject.  For  the  mime  rejit^on  we  sboald 
expect  any  phenomenon  associated  with  the  Traube-Hering 
eiirve  also  to  come  out  better  in  such  an  Individual  than  in  a 
normal  «nl»ject,  and  so  we  find  the  '^groups" — ii  the  relation 
to  the  Traube-  Herin^  is  a  trne  one  —  coming  ont  in  this  same 
patient.  As  the  Traube-Hering  curve  is  constantly  influen- 
cing the  normal  respimtory  rhythm,  may  we  not  also  assume 
that  the  Tniub<;-IIerint(  kn<H'-jerk  eurve,  if  it  is  permissible  to 
call  it  such,  is  aiso constantly  influencing  the  knee  jerkl  This 
wonld  explain  the  mysterious  **  rhythm*^  that  has  seemed  to 
be  present  in  many  of  the  earliest  knee-jerk  curves  taken  in 
this  patient,  even  when  awake.  We  are  led  from  this  to  a 
considei-ation  of  the  knee-jerk  of  normal  individuals,  and  if 
the  inferent*K  as  to  the  influenees  aflectiug  the  knee-jerk  in 
this  dtsmented  man  are  legitimate,  it  is  not  evident  why  the 
same  inferences  do  not  apply  to  the  normal  subject-  If  this 
is  the  i*atse  then  the  original  point  of  the  investigation  no 
longer  has  any  bearing, — that  is,  the  question  as  to  the 
theoretically  lesser  variahility  of  the  knee-jerk  in  a  demented 
person  than  in  a  healthy  individual ;  the  tops  of  the  knee-jerks 
of  a  dement  forming  Uieoretically  a  stralghCer  line  than  in  a 
sound  person.  The  "normal"  knee-jerk  curve,  therefore, 
could  DO  longer  be  considered  as  theortitiially  a  straight  line, 
but  as  a  true  curve  correspondingin  general  with  the  Tniube- 
Herinp  curve.  It  mustbea<lniitted  at  once  that  it  is  extremely 
doubtful  if  this  can  ever  Im'  shown  onu  normal  individual  with 
the  constantly  varying  emotional  condition  of  healthy  pei-sous  ; 
nor  4loes  it  seem  scarcely  more  likely  that  a  normal  iudivi<tual 
will  show  such  curves  even  in  sleep  as  are  seen  in  this  patient, 
for  the  reason  that  the  cerebral  inflnenc%s  in  a  sonnd  person 
would  probably  mask  this  ebb  and  blow  ;  but  this  is  mere  con- 
jecture and  must  be  submitted  to  a<lual  experiment. 

It  remains  to  add  that  if  the  "nervous  force"  or  ** irrita- 
bility'' of  the  spinal  cord  is  really  subject  to  this  rhythmic 
action,  the  question  is  at  onee  raised  if  the  higher  cei-ebral 
activities,  especially  the  attention,  are  also  subject  to  a  simi- 
lar rise  and  fall,  for  if  the  rhythm  (t)  alreiuly  de8('ril>e<l  he 
really  due  to  a  vascular  process  of  vasomotor  origin,  this 
same  influence  must  afiect  also  the  functional  activity  of  the 
brain  itself. 

Conclutn'ons. 

The  chief  interest  in  the  results  bronght  ont  in  this  paper  | 
lies  in  the  fact  that  the  cxperLments  were  conducted  on  a  per 
sou  whose  mind  has  been  weakened  by  dementia  of  many  years] 
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duration,  and  that  this  indiridnal  shoTrs  a  greater  suscepti- 
bility to  sen&oo'  stimuli  than  persons  in  health.  The  most 
reasonable  explanation  of  this  seems  to  be  that  there  has  been 
a  weakening  of  the  inhibitory  influence  normally  exerted  by 
the  brain  over  the  lower  centres.  The  remarks  of  ftUtcheJl 
and  Lewis  *  have  so  much  bearing  on  this  point  that  they  may 
properly  be  qnoted  here.  In  discussing  the  cause  of  the 
increase  of  the  knee-jerk  from  sensory  stimuli,  they  say  **It 
is  very  difficult  to  explain  the  fact  that  ele<'trioity,  sensory 
impressions^  and  distant  voluntary  muscle  acts  increase  the 
knee-jerk  and  the  response  to  the  muscle  blow.  If  wecouceive 
of  a  series  of  inhibitory  centres  extending  from  the  nu^so- 
cephalon  all  the  way  down  Uie  cord,  and  infer  that  all  the 
agents  mentioned  are  capable,  by  more  or  less  paralyzing  these 
centreSt  of  releasing  the  active  reflex  groups  below  them,  we 
shall  be  able  to  comprehend  that  the  centre  thus  set  free  may, 
by  increasing  tone,  give  to  the  muscle  a  suddenly  enlarged 
capacity  to  respond  to  the  tendon  taps  or  the  muscle  blow. 
Nearly  all  the  facts  with  which  we  are  concerned  may  be 
explained  by  inhibition  organs  and  the  effects  produced  upon 
them.  On  the  other  hand,  it  is  equally  conceivable  that  when- 
ever a  sensation  reaches  the  cord  or  brain  or  both,  an  over- 
flow occnrs,  which  shall,  by  increasing  the  excitation  of  the 
centres,  be  felt  throughout  the  body,  and  reinforce  any  organs 
chancing  to  be  synchronously  otherwise  excited  from  without. 
Under  this  view  we  conceive  of  the  nervous  force  as  not  confl  ned 
entirely  to  the  direct  paths  between  the  centres  and  the  muscle 
to  be  moved,  but  as  overflowing  so  as  to  pass  through  nunier- 
ouR  ganglia,  adding  a  certain  small  increment  to  their  effects 
when  in  a  state  of  such  activity  as  the  8j)inal  toning  centres 
must  be  at  all  times.  The  tone  centres  thus  stimulated  send 
ont  a  higher  wave  of  excitability  to  all  the  muscles,  and  if  at 
the  time  this  reaches  a  muscle,  that  muscle  is  being  excited 
by  a  tap,  there  is  an  increased  response." 

Assuming  such  inhibitory  centres  as  Mitchell  and  Lewis 
describe,  these  would  only  be  kept  up  to  their  full  functional 
activity  by  the  healthy  condition  of  the  whole  nervous  system, 
so  that  when  these  inhibitory  centres  are  under  a  weakened 
cerebral  influence,  as  in  dementia,  they  offer  lessresistanctt  to 
what  Mitchell  and  Lewis  call  the  pai-alyzing  influence  of  sen- 
sory stimuli.  In  the  normal  hcAltliy  indivi<lual  in  sleep  a  sen- 
sory stimulus  preceding  a  blow  on  the  patellar  tendon  pro- 
duces a  rise  extending  at  most  over  a  few  kicks.  This  is 
certainly  the  most  economical  method  for  the  individual,  if  we 
consider  that  it  is  beneficial  tthat  the  effect  of  the  a<'cideutal 
sUmuli  that  are  continually  aeeaulting  the  nervous  system 
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should  be  preventeil  from  spreading  over  a  vide  territory  or 
through  a  long  time.  In  our  dement>ed  piitient  a  atimulua 
produces  an  effect  extending  usually  over  a  much  longer  time, 
even  so  long  aH  three  minut^H. 

The  experiments  apix-ai*  to  give  a  graphic  demonstration  of 
the  greater  susoeptibility  to  sounds,  and  allexterual  stimuli,  in 
persona  with  eufeebled,  but  not  organit-ally  diseased,  nervoos 
systems.  If  this  susceptibility  to  long  continned  effect 
of  sensory  stimuli  in  this  patient  is  really  due  to  weak- 
ened cerebral  inhibitory  power,  it  seems  not  improbable 
that  the  name  eQect  must  be  produced  in  individualB 
witJi  bniinH  weakened  or  exhausted  from  any  cause, — not 
necessarily  from  insanity.  The  large  class  of  neurasthenic 
individuals  naturally  first  occurs  to  one,  and  the  question 
arises  whether,  when  such  patients  '*foel  every  sound  in 
their  ba<'k,"  this  is  not  doe  to  the  uninhibited  propa- 
gation of  accidental  external  stimuli  to  the  lower  reflex 
centres,  as  shown  in  tliese  knee-jerk  curves.  If  so,  the  thera- 
pontic  corollary  to  tins  proposition,  the  necessit}'  of  excluding 
to  the  gi-eatest  possible  extent  all  accidental  stimuli  from  such 
patients,   is  graphically  demonstrated  in  these  curves. 

The  conclusions  with  regard  to  the  so-calle<i  rh}i:hm  have 
already  been  discusse*!. 

The  i-esults  of  the  experiments  may  be  summarized  iu  the 
two  following  propositions : 

In  a  case  of  terminal  dementia  of  many  years  duration  a 
series  of  experiments  on  the  knee-jerk  tend  to  show  that: 

Ist.  Sensory  stimuli  received  during  sleep  produce  a  much 
greater  effect  and  diffuse  over  a  much  longer  interval  than  in 
healthy  individualH. 

2ud.  In  a  condition  of  half-sleep  when  the  patellar  tendon 
is  struck  by  blows  of  uniform  strength  at  five  se<'onds  inter- 
vals, the  kueC'jerks  fall  into  groups,  and  synchronous 
plethysmographic  tracings  suggest  that  these  groups  have 
some  ooune<;tion  with  tlie  Traube-Heriug  curve. 

If  the  truth  of  the  second  proposition  can  bt*  concla- 
sively  established,  sevejal  important'  corollaries  would  seem 
to  follow.  These  are  here  stated  as  facts  for  the  sake  of 
presenting  definite  propositions,  tlie  trutli  or  falsity  of  which 
must  l>e  submitticd  to  further  experimental  investigation. 

(a)  The  knee-jerk  curve,  instead  of  being  theoretically  a 
straight  line  as  has  l>een  heretoroi*e  assumed,  is,  in  reality,  a 
curved  line,  with  the  general  characteristics  of  the  Traube- 
Hering  curve. 

(b)  The  spinal  cord  is  not  constantly  in  a  condition  of  the 
highest  potential  functional  activity,  but  its  activity  is  repre- 
sented by  a  curve  of  rhythmic  vascular  contiiu'tion  and  dila- 
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tation.  Dnrini?  the  phase  of  contraction  of  the  spinal  arteries, 
the  Bpinal  coiti  is  at  its  least  funcLioaal  activity,  due  to  a  con- 
dition of  relative  an^^min,  while  during  the  phase  of  dilatation 
of  the  spinal  arbericH,  the  Hpinal  cord  is  at  its  {p-eatest  func- 
tional activity,  dae  to  a  condition  of  relative  hypenemia. 

(c)  The  question  inevitably  raised  by  (b)  is  whether  the 
bi^her  activities  of  the  brain  are  also  subject  to  a  rhythmic 
rise  and  fall  synchronous  with  vascular  dilatation  and  con- 
traction. 

It  remains  to  express  my  obligations  to  several  who  have 
assisted  me  In  the  details  of  the  work,  and  to  extend  my 
thanks  to  my  colleague.  Dr.  D.  H.  Fuller,  and  to  Drs.  Abbots 
Young,  Pitz  and  Sawyer,  ratKlical  house-pupils,  for  their 
assistance.  To  Dr.,  Fitz  I  am  especially  indebted  for  assis- 
tance and  suggestions  in  regard  to  apparatus. 
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Bt  Thaddeus  r.  Bolton,  A.  B. 
(From  the  Psycbologlcal  Laboratory  of  Clark  UnlTerslty.) 

Dnring  the  Spring  of  1891,  by  permiBsion  of  the  School 
Board  in  Worcester,  Mass.,  Dr.  Franz  Boas  of  Clark  Uni- 
versity took  certain  anthropological  measurements  of  the 
pupils  in  the  Grammar  Schools,  and  also  made  certain  tests 
of  eye-sight,  hearing  and  memory.  The  memory  tests,  which 
were  made  upon  about  fifteen  hundred  pupils  in  the  Grammar 
BcJiools,  above  the  second  grade  and  below  the  high  school, 
together  with  some  (eats  from  the  Normal  School,  came  into 
my  hands  for  examination.  To  complet-e  the  material  for  aU 
the  grades  in  the  public  schools,  the  tests  were  made  upon 
some  of  the  senior  and  sophomore  pupils  in  the  High  School.^ 

The  MHkod  of  Making  the  TeM^. — A  series  of  nnmbers  in 
which  the  digits  were  so  arranged  that  they  did  not  stand  in 
their  accustomed  order  and  no  digit  was  repeated,  was  read 
before  each  class  to  be  tested,  and  each  class  was  testM  on 
four  different  o<Tasion8.  In  two  Grammar  Schools  and  in  the 
Normal  School,  where  the  purpose  was  to  det<?rmine  the  effect 
of  fatigue,  two  of  the  tests  were  taken  in  the  morning  im- 
mediately after  school  assembled  and  the  other  two  just 
before  closing  in  the  afternoon.  In  the  other  schools  the 
tests  were  made  in  the  morning.  The  digits  were  dictated 
slowly  aud  distinctly  at  intervals  of  about  two-fifths  of  a 
BP-cond  with  care  to  avoid  rhythm  or  grouping,  and  at  a 
given  signal  after  the  dictation  of  each  numt>er  was  finished, 
the  pupils  wrote  the  digits  as  they  rememttered  them.  To 
avoid  a  confusion  of  terms,  oh'*ervafion  will  be  nsed  to 
indicate  a  group  of  five  or  more  digits  ;  digits,  to  designate 
the  figures  ;  and  place,  to  indicate  the  position  or  order  from 


'  I  wUh  to  ac^Dowled^e  my  Indebtedness  to  Dr.  Boaa  for  thU 
material  and  bis  advice  lu  regard  to  the  method  of  treatioK  it.  At  his 
BUggestioD  I  have  introduced  the  ttieoretlcal  treatment  of  the  curve?.  I 
am  also  Indebted  to  I>r.  £.  C  Sanford  (or  helpful  suggestions,  and  to 
the  teachers  of  the  public  schooU  who  have  assisted  \u  collecting  thli 
m»terUl. 
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the  beginning  of  the  number — observation.  In  the  lower 
grades  of  the  Gramraar  Schools  and  in  the  High  School 
twelve  observations  constituted  a  test,  but  in  the  eighth  and 
ninth  grades  only  nine  observations  were  made  at  each  test. 
In  the  lower  gradep  the  first  three  observations  of  each  test 
were  made  with  five  digits,  the  second  three  with  six;  the 
third  three  with  seven;  and  the  last  tliree  with  eight.  In  the 
higher  grades  and  iu  the  High  School  the  first  three  observa- 
tions were  made  with  six  digits,  and  in  the  Normal  School 
with  seven.  The  tests  being  repeated  at  four  diQerent  times, 
twelve  observations  with  five,  six,  seven  and  eight  digits 
respectively,  were  made  npon  each  pnpil,  and  it  would  be 
possible  for  each  pupil  to  get  any  number  of  the  twelve  cor- 
rect. An  observation  was  consid*»re<I  correct  when  only 
those  figures  which  the  teachers  ha<l  dictated  were  present  in 
the  same  order  as  that  in  which  they  had  been  dictated.  The 
various  kinds  of  errors  will  l>e  treated  further  on.  Whcm  the 
ol>servation.s  at  e4K'h  test  ai-e  iM^gnn  with  five-place  numbers 
and  gradually  increased  to  eight,  the  pupils  easily  grasp  the 
five-place  numbers  and  are  led  by  these  to  grasp  and  retain 
more  than  they  would  otherwise  be  able  to  do.  If  the  ob- 
servations are  Iwgun  with  seven-place  numbers  and  only  one 
observation  made  with  the  seveu-place  number  before 
making  one  with  an  eight  or  a  nine,  the  number  of 
figures  is  uot  so  easily  rcmi;mbered,  and  more  errors  result 
from  this  cause.  When  we  come  to  discuss  the  various 
classes  of  errors  in  the  ol>servatioDS  on  the  Normal  School 
pupils,  this  matter  will  come  up  again.  In  the  sixth  grade 
of  one  Grammar  School  through  a  misunderstanding  on  the 
I>art  of  the  teacher,  all  the  observations  takeu  at  the  first  test 
were  made  with  five-plat*  numbers,  those  at  the  second  with 
■ix,  at  the  tliird  with  seven,  and  at  the  fourth  with  eight. 
Alter  two  or  three  trials  the  pupils  became  aware  of  the 
nnml)er  of  digits  to  expect  at  each  test  and  gave  their  atten- 
tion moro  to  retaining  the  proper  digits  in  their  places.  As 
the  number  of  pupils  is  so  small  and  the  results  from  this 
grade  do  uot  differ  more  from  the  results  of  the  next  higher 
or  lower  gnid*;  than  the  result*  of  some  other  grades  differ 
from  those  of  the  nnxt  higher  or  lower  grade,  these  pupils 
have  been  included  in  the  charts  showing  the  curves  for  ages 
and  grades. 

By  classifying  the  pnpils  of  a  particular  age  or  in  each 
grade  acrording  to  the  proportion  of  the  twelve  observations 
on  five-place  numbers  tliat  wei-e  correct,  and  the  same  for 
six,  seven  and  eight-place  numbers,  and  marking  the  |ier- 
centage  that  each  class  was  of  the  total  numl>er  of  pupils  in 
the  grade  or  of  the  age  on  thii'been  ordinates  (twelve  for  the 
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twelve  observations  and  one  for  tliose  pupils  who  had  none 
correct),  and  connecting  these  poinU  by  a  line,  a  curve  rep- 
resenting the  distribution  of  the  pupils  of  the  age  or  grade 
will  be  obtained.  The  maximam  of  the  curve  will  then  show 
the  proficiency  of  the  pupils  for  the  age  or  grade  in  re- 
membering five,  six,  seven  or  eight-place  numbers,  as  the 
case  may  be. 

Upon  Chart  I  the  curves  show  the  distribution  of  the 
pnpils  according  to  the  ages  and  upon  Chart  II  the  dis- 
tribution according  to  grades.  As  the  observations  were 
made  with  five,  six,  seven  and  eight  digits,  four  sets  ot 
curves  will  be  found  ujwn  each  chart.  The  carves  for  the 
grades  in  which  eight-place  numbers  were  used,  are  found  at 
t^e  top  of  the  chart,  and  those  for  seven,  six  and  fivo- 
place  numbers  in  order  below.  Under  ea<Ji  curve  appear  the 
number  of  pupils  and  their  ages  on  Chart  I  and  their  grades 
on  Chart  II.  To  give  a  graphic  representation  of  the  valne 
of  these  curves,  which  is  to  show  the  increasing  accuracy  with 
which  the  older  pupils  rememlwr  a  given  number  of  digits, 
the  average  percentages  of  pupils  in  each  grade  and  of  each 
age,  who  have  got  six  or  more  (for  five-place  numbers,  ten 
or  more)  of  the  twelve  observations  correct  have  been  taken 
and  this  average  has  benn  marked  upon  the  twelfth  ordinate  of 
each  curve.  When  these  points  are  connected  in  each  set  of 
curves  a  line  is  obtained,  the  rise  in  which,  from  left  to  right, 
will  then  represent  the  increasing  acc^uracy  with  which  the 
older  pupils  and  the  pnpils  in  the  higher  grades  rememt)er  a 
given  number  of  digits.  This  line,  of  course,  is  arbitrary,  but 
it  will  be  found  to  correspond  very  closely  with  the  probabili- 
ties of  errors  for  the  curves.  A  comparison  of  these  lines  will 
show  a  more  uniform  rise  in  Chart  I  Chart  II  shows  that  the 
eighth  anil  ninth  grades  fall  below  the  seventh  on  eight- 
place  numbers ;  on  seventh-place  numbers,  the  fifth  grade 
falls  below  the  fourth,  the  eighth  below  the  seventii,  and  the 
High  School  below  the  ninth  grade.  Other  cases  need  not  be 
mentioned.  On  Chart  I  only  two  actual  falls  are  noticed^ 
and  these  are  less  tlian  one  per  cent.  ConKideriug  that  our 
teste  measures  the  length  of  the  memory-span,  we  can  con- 
clude that  the  memory-span  increases  with  the  age  rather 
than  with  the  growth  of  intelligence,  as  determined  by  the 
t^sts  used  in  promoting  pupils  from  one  grade  to  another. 
Our  tests  do  not  apply  to  the  retentiveness  of  the  memory. 
They  may  be  considered  as  tests  of  the  power  of  concentrated 
and  sustained  attention.  My  own  experience  and  observa- 
tions upon  the  pupils  while  the  tests  were  being  made,  seem 
to  indicate  that  most  pupils  depend  upon  their  powers  of 
visualization  to  remember  the  number  of  digits,  and  at  the 
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same  time  they  were  noticed  to  repeat  the  digits  as  they  were 
dictated.  A  comparison  of  the  standing  of  pupils  in  their 
grades  and  their  ability  to  remember  tigiireH  was  tinder- 
taken  to  determine,  what  was  the  relation  between  the 
memory-span  and  intellectnal  acnteness  of  the  pnpils.  As  the 
pupils  depend  upon  their  powers  of  viaualizatiou,  this  subject 
becomes  more  interesting  in  determining  how  far  this  power 
is  of  service  in  school  work  and  how  closely  the  power  of 
concentrated  and  sustained  attention  is  related  to  intellectual 
a<'utene8S.  For  this  purpose  the  teachers  in  the  Oxford  and 
Freeland  Street  Schools  and  of  the  High  School  were  re* 
qnesteii  to  give  an  estimation  of  what  they  considered  was 
the  general  standing  of  their  pupils  with  respect  to  the  school 
work.  The  pnpils  were  classed  as  either  good,  fair  or  poor, 
and  these  classes  were  compared  with  three  classes  which 
were  determined  in  the  memory  test  by  the  proportion  of 
oorrect  judgment*.  The  percentages  of  pnpils,  for  whom 
the  two  methods  of  ranking  gave  the  same  results,  are  given 
in  the  table.  The  letters  of  the  following  table  (A  represent- 
ing good,  B  fair  and  C  poor)  in  the  left  hand  column  indicate 
the  teachers'  classificjition,  and  those  in  the  upper  line  the 
elaBsification  by  the  memory  teat. 

TARLE  I.— OivlDfl;  the  eomparliion  of  the  teaehem'  estimation  of 
stADding  of  the  pupUA,  ttDd  their  dtanding,  as  determiDOd  by  the  memory 
teets.      Tlie  cliiHseH  of  the  teachers  are    repreMoted  as  100  and  the 

others  are  trprtssed  In  pereentHgcs. 


A 
B 
C 


32.C  % 
21.4  % 


B 


M.    % 


ao.4  % 
ae.5% 


Only  eight  and  a  half  per  cent,  more  of  the  pnpils  who  were 
classed  A  by  the  teacher  linve  been  classed  A  rather  tlian  C 
by  the  memory  tests.  If  onr  tests  may  \k  considered  a.s  tests 
of  the  ability  for  concentratetl  and  sustaineil  attention  and  of 
the  power  of  visualization,  we  can  conclude  that  these  powers 
are  not  the  only  ones  concernetl  in  intellectual  pursuits  and 
are  not  sufficient  for  a  suceessful  undertaking  of  intellectual 
work.  Intellectual  acuteness,  while  more  often  connected 
with  good  powers  of  visualization  and  of  concentrated  atten- 
tion, does  not  necessarily  require  them,  and  it  cannot  l>e  said 
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that  those  pupils  who  are  bright  iatelleclually  are  more  dis- 
tinguished on  account  of  their  good  memories.  The  fact  that 
a  good  memory  is  not  necessarily  accompanied  by  intellectual 
acntenesH,  adds  weight  to  the  conclusion  that  the  growth  of 
the  memory  does  not  necessarily  accompany  intellectual 
advancement. 

Theoretical  Treatment  of  the  Curves. — If  we  consider  that 
the  twelve  observations  made  upon  each  pupil  are  subject  to 
the  law  of  chance,  then  we  <!an  construct  from  the  probability 
of  error  for  any  curve  the  corresponding  theoretical  curve,  and 
ii  our  supposition  is  correct,  the  theoretical  and  actual  curves 
should  correspond  very  closely.  In  saying  that  the  answers 
of  the  pupils  are  Hobject  to  chance  we  mean  that  they  are 
jQStas  likely  to  err  on  one  observation  as  upon  another,  and 
if  this  is  true,  we  can  treat  these  observations  according  to 
the  law  of  probability.  The  probability  of  error  for  any  curve 
is  obtained  by  subtracting  the  actual  number  of  correct  judg- 
ments from  the  possible  number  and  finding  what  percentage 
this  difference  is  of  tiie  possible  number  of  correct  judgiuents. 
With  this  percentage  as  the  probability  of  error,  we  con- 
struct the  theoretical  curves  according  to  the  formula 

P**+V(i-P)P''+Y-V(i— P)'P'M-'r.Vy(i-P)'P'"+ 
.  .  .  .-f(i-p)'-' 

in  which  p  represents  the  probability  of  error.  When  we  con- 
struct these  theoretical  curves,  which  are  found  in  Table  ^X^ 
we  find  they  do  not  agree  except  in  a  few  cases  with  the 
actual  curves.  The  form,  however,  is  somewhat  the  same, 
but  the  absolute  values  are  different.  Either  the  supposition 
is  not  correct  and  hence  this  treatment  is  not  possible,  or 
some  element  has  entered  in  this  case  which  prevents  this 
material  from  t>eiug  ho  treated.  The  latter  alternative  is, 
perhaps,  the  correct  one. 

WiUi  completely  naive  subjects  and  like  conditions  it  does 
not  seem  prol)able  that  twelve  observations  upon  one  pupil 
would  differ  from  one  observation  u{>on  eatih  of  twelve 
pupils;  and  yet  the  variations  in  the  pro  labilities  for  the 
different  pupils,  when  classed  according  to  age  or  grade,  is 
80  great  that  we  might  not  get  an  exact  correspondence 
between  the  theoretical  and  at^tual  curves  even  with  the  many 
observations  under  the  most  uniform  conditions.  As  we 
shall  show  further  on  that  the  children  increased  in  their 
power  to  remember  figures  with  each  succeeding  test  and  in 
one  school  they  were  not  completely  naive  with  respect 
to  the  tests,  a  possible  explanation  is  found  for  this  disparity 
between  the  theoretical  and  actual  curves.  This  explanation 
is  further  strengthened  by  the  fact  that  in  those  curves, 
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where  the  pro!>ablity  of  error  is  less  than  five  pereent.,  there 
is  a  close  correspondence  between  the  theoretical  and  actual 
carves  (see  Table  11. )•  Where  the  probability  of  erior  is 
less  than  fire  per  cent,  for  the  first  t'est,  little  increase  in  the 
accuracy  of  the  judfn^ents  took  place  for  the  succeeding  teste 
and  hence  the  law  will  apply. 

The  actual  curves  ai-e  compounded  of  tlie  curves  rep- 
resented by  the  probabilities  of  each  pupil  of  the  age  or 
grade  ;  the  percentages  of  increase  with  each  test  show  that 
there  was  a  different  probability  for  each  observation.  The 
effect  of  compounding  a  curve  of  several  curves  with  very 
different  probabilities  is  to  broaden  and  flatten  it^  and  it  la 
just  in  this  respect  that  the  actual  curves  differ  from  the 
theoretical.  If  we  coDstruct  the  theoretical  curves  from  the 
probabilities  for  the  four  testa  on  seven-place  numbers  given 
in  Table  VII.  and  compound  these,  we  get  a  curve  very  much 
flatter  than  any  of  the  theoretical  curves.  The  absolute 
valuers  of  this  cur^^e  are  0.2,  1.4,  4.7,  10.,  15.3,  18.1,  17.8, 
14,5,  9.8,  5.4,  2.,  0.5  and  0.  The  probability  for  each  teat 
represents  a  curve  compounded  of  three  other  curves  which 
would  have  the  tendancy  to  modify  furtiier  in  the  same  way 
the  cnn-es  of  which  we  have  given  the  absolute  value*.  This 
probably  explains  the  disparity  in  form  between  the  theoreti- 
cal and  actual  curves  and  iu  view  of  the  number  of  pupils 
reprcHentpd  by  each  curve  the  individual  pro Iwibili ties  may 
account  for  the  irregularities. 

In  Table  II.  the  percentages  for  the  theoi'etical  and  actual 
curves  for  the  three  Grammar  Schools  are  given.  The  first 
part  of  the  tAble  is  taken  up  with  the  actual  curves,  and  the 
second  with  the  theoretical  curves.  At  the  top  of  the  table 
the  numbers  of  the  ordlnates  and  the  probabilities  of  error  cor- 
responding to  each  are  given.  In  tlie  columns,  lw»low  the  per- 
centages of  pupili^  for  the  different  ages  and  grades  and  for 
five,  six,  seven  and  eight-place  numbers  are  given  under 
each  ordinate  for  the  actual  curves.  In  tlie  last  cohinin  the 
figures  represent  the  probabilities  of  error  for  the  curves.  For 
the  theoretical  curves  these  values  are  assumed.  To  make  a 
comparison  of  the  theoretical  and  actual  curves  take  the 
protkable  error  for  any  actual  cur\'e  and  find  the  theoretical 
curve  whose  prolMibility  of  error  most  nearly  corresponds 
to  it.  If  the  two  curves  correspond,  the  absolute  values 
should  agree  closely. 
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TABLK  II.~GiTln|(  the  percenUKes  of  papUa  and  probftblUtles  of 
error  for  the  tbeoreUcal  conres  and  for  the  actu&l  curves  of  both  Cbe 
grftdefi  and  the  ages. 

Part  1.     Actual  VHrves  for  Agr9  on  5^  &,  7  ond  8  lHfU$. 
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23. 

32.5 

16.7 

8 

.5 

.5 

2.5 

0 

3. 

3. 

6. 

13. 

8.614.613. 

15. 

20.5 

16.6 

9 

0 

0 

1.5 

2.6 

4.6!  4.6 

3. 

7. 

10.5   6.     8.5 

22.5 

33. 

16.5- 

H.S. 

0 

0 

0 

0 

2.  )  a. 

3. 

0 

6.  1  6.     8. 

30. 

46. 

9. 
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Actual  Cuni«j  f&r  Grades  on  5,  d,  7  and  8  Digits,-— Continued, 


Kamber . 

1                i 

I 
2 

of 

0 

1 

a 

3 

4 

6       6 

7      8 

9 

10 

11     19 

Order. 

Probable 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Error  of 

o 

&4 

each  Order. 

100 

91.6 

83.3 

75 

66.6 

&d.3|  60 

41.6 

33.3 

26 

16.« 

8.3 

0 

3 

40. 

18. 

Iff. 

4.6 

3. 

2. 

4.6 

9. 

0 

1.6 

1.6 

0 

0 

87.7 

4 

19. 

10.6 

11. 

8. 

4.5 

5.5 

11. 

6. 

4. 

8. 

3. 

7. 

3. 

63.3 

5 

19.    11. 

ti.S'ia. 

7. 

12. 

9.5 

11. 

1.6 

1.6 

.'i.6 

3.6 

IJt 

67. 

7 

6 

7.6 

9.5 

7.511.5 

7.6 

6.5 

10.6  10.6 

6.6 

7.6 

9, 

3.6 

3.6 

69. 

7 

d. 

3. 

6.      6. 

5. 

6.6 

6. 

8.6 

9.6 

11. 

15.6 

13.6 

B.6 

46.4 

8 

6. 

6. 

4.5   8.5 

6. 

8.6 

8J» 

8.6 

11. 

9. 

9. 

9. 

7.S 

44.5 

9 

3.5 

4.5 

5.5|  3.5 

3.6 

2.5 

4.6 

6.6 

7.6 

13. 

15.6 

15.6 

16.6 

32J 

H.8. 

a. 

4. 

8.  110. 

10. 

10. 

6. 

4. 

10. 

12. 

12. 

10. 

3. 

60. 

6 

37.A|19. 

n.    7.5 

6.&I  6.5 

.6 

1.5 

36 

1. 

.6 

1.6 

0    1 

86. 

7 

11.      9. 

13.5 

13.5 

6.5 

6.5 

8.6 

6. 

6. 

6. 

t  • 

6. 

4.6; 

67.6 

8 

8 

32.6  Ifl. 

11. 

l'J.5 

6. 

4. 

5.5 

7. 

6.6 

2.5 

4. 

1.6 

3.6' 

70. 

9 

19.    10. 

8.5 

12,6 

6.5 

i. 

6. 

la. 

2.5 

9. 

1.6 

a.6 

8.  , 

64.8 

IH.S. 

18.    18. 

e. 

13. 

6.  llO. 

10. 

6. 

4. 

4. 

4. 

3. 

3.  1 

67. 

Part  ^.—Thtorttieal  CMrvet, 


1. 
3.1 

7. 
12. 

20.1 
14.2  3U. 
28.2  37.1 
39.338. 
64.  l34. 
73.8123. 


.2   1.: 

.61  4.: 

1.6   6.! 

3.4  9.: 

6.314.! 
10.919.1 
16.8  34. 
23.3  26.1 
2R,3  23.i 
29.2,17.: 
23.  B.i 
17.     4.1 

9.9  1.; 


7.214.9 
12.1  19.4 
17.  22.3 
21.3  22.7 
33.7  20.4 
%i.\  16.8 
19.110.3 
13.3    6.3 


0 

0 

.3 

3.3 

22.7 

73.8 

0 

.3 

1.7 

9.0 

34.1 

64. 

.7 

1.4 

4.6 

17. 

3K.1 

39.3 

1.6 

2.1 

8J1 

33. 

87.6 

38.2| 

1.7 

6.8 

17.2 

29.3 

30.1 

14.3 

6.3 

13.8 

38.6 

28.3 

30.6 

6.8i 

10.3 

19.1 

25.8 

23.3 

12.7 

3.1 

16.8 

23.1 

ai. 

16.8 

7.1 

1.3 

20.4 

23.7!  IU.6 

10.9 

3.6 

.5 

22.7 

21.3 

14.2 

fl.3 

1.7 

.2 

22.3  i  17. 

9.2 

3.4 

.7 

.07 

19,4  12.1 

6.3 

1.0 

.3 

.02 

14.9;  7.2 

4.3 

.6 

.1 

0 

10.1,  4.2 

1.2 

.2 

0 

0 

6.9 

1.9 

.4 

0 

0 

0 

2.9 

.7 

.1 

0 

0 

0 

1.1 

0 

0 

0 

0 

0 

.4 

0 

0 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0    0 

0 

0 

0 

0 

0    0 

0 

0 

0 

0 

0 

0     ■ 

Id  Table  III  are  given  the  probabilities  of  error  for  every 
carve  upon  Charts  I  und  II.  Part  I  of  the  table  is  taken  up 
with  the  cnrve8  for  a^s  and  Part  11  "with  the  curves  for 
grades.  These  probable  errors  show  the  same  genenil  resnlta 
tiiat  the  line  drawn  aerOHB  (he  curves  shows.  When  tJi» 
pupils  are  classified  according  to  their  ages,  the  figures  rep- 
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resenting  the  probable  errors  show  a  more  nniform  decrease 
in  passing  from  the  yoanger  to  the  older  pupils  than  from 
the  lower  to  the  hijcher  grades.  The  High  School  pupils*  are 
not  included  in  the  classification  for  ages.  Where  the  prob- 
abilities of  error  for  the  higher  grade  is  greater  than  for  a 
lower,  or  for  older  than  for  younger  pnpUs,  the  number  has 
been  set  in  heavy  faced  type. 

*The  Normiil  School  pupils  have  been  parpoself  left  out  of 
this  pan  of  the  treatment.  The  teHta  were  not  made  wUb  sufiloient 
uniformity  to  allow  them  to  be  cUBAed  with  the  public  school  pupiU. 

TABLE  in.— Probabimiee  of  Error  upon  6,  6,  7  ftod  8  digit  serlee 
for  alt  ages  and  grades. 

Part  l.—Probabilitieg  of  Srror  for  Age*, 


No.DlgUs 


8yrs. 


fiyrs. 


10  yra, 


llyrs. 


12  yra. 


13yrs, 


Uyra. 


4.6 
33.5 
86.1 
6fi.6 


15  yra. 


354 

40.7 
6S.3 


Part  U.— Probable  SrrorM  for  GrttdtM. 


No.  Digits 

3rd. 

4th. 

6th. 

6th. 

7th. 

8th. 

Och. 

H.  8. 

0 

31.3 

fl.l 

8.4 

6.6 

1.6 

« 

63. 

31.9 

13. 

33. 

16.7 

16.6 

10.6 

0. 

T 

87.7 

68.3 

67. 

69. 

46.4 

44.6 

33.6 

60. 

8 

8S. 

57.6 

70. 

61.8 

67. 

In  psycho-physical  experiments  it  is  customary  to  take 
seventy-five  per  cent,  of  right  answers  as  the  point  at  which 
the  subject  may  be  safely  said  to  have  some  knowledge  of 
that  concerning  which  he  judges.  This  standard  is  chosen 
for  experiments  in  which  a  choice  is  mwlc  between  two 
alternatives,  where,  by  mere  gueHses,  the  subject  will  get  50 
per  cent,  correct.  In  our  test  the  subject  must  be  supposed  to 
have  exact  knowledge  before  he  can  recall  tH)rrectly  any  num- 
ber of  digits.  Whatever  standard  we  choose,  then,  for  these 
tests,  it  must  be  considered  as  the  probability  that  a  certain 


nnmber  of  digits  shonld  be  judged  correctly  every  time.  II 
we  choose  seventy  five — thoogli  it  seems  to  me  a  less  figure 
might  be  cliosen — our  tables  show  that  all  the  pupils  below 
the  6th  grade  and  over  thirteen  yrars  of  age  reach  the  limit 
of  their  memory  span  at  six,  and  all  others  at  seven.  Six 
may  then  be  taken  as  the  limit  to  the  memory  spaa  for  most 
Onuumar  and  High  Sciiool  pupils. 

Any  treatment  of  a  subject  of  this  kind  would  be  incom- 
plete if  no  comparison  were  made  between  the  t>oys  and  the 
girls.  For  this  purpose  the  boys  and  girls  have  been  clansi- 
fied  according  to  their  ages ;  in  order  to  get  classes 
sufficiently  large  to  form  a  comparison,  it  was  necessary  to 
put  the  pupils  differing  by  two  years  in  age  instead  of  one 
into  eacli  class.  The  probabilities  of  error  have  been  found 
for  each  cla^s  and  [he  comparison  in  made  in  the  following 
table.  The  ages  together  with  the  probabilities  of  correct 
judgments  are  given  for  each  class. 

TABLE  IV.— Showing  aepwately  the  probability  of  Error  for  Boyi 
ud  QlrlB. 


FIVE-PLACE  NUMBERS. 


Boj*. 


Otrta. 
1S.7 
11.6 
11.6 


FupUa  under  10  years 16. 

PupIlB  over  10  aud  under  12 10.4 

PnpiU  over  12 11.5 

SIX-PLACE  XCMBERS. 

PapIlB  under  11  years 47.6       47.9 

Pupils  over  12  and  onder  13 3A.2       86J( 

PnplUoverlS 3fi.4       36. 

SKVKK-PLACB  XrVBEIlS. 

Pupllft  under  12  years ftS.6  61.6 

Puptla  over  12  and  ander  14 60.7  51. 

PupUsoverH 61.  44. 

EIGHT- PLACE  KVMBSHS. 

Pupils  under  14  years 82.4  64.7 

Pupils  over  14  years 65.4  66.6 

From  this  table  it  will  be  seen  that  in  a  majority  of  clafisea 
the  girls  make  a  decidedly  less  error  than  the  boys.  In  the 
classes  where  the  boys  sorpass  the  girls,  it  is  by  a  very 
small  figure.  This  conclusion  harmonizes  with  the  results  of 
other  observers. ' 

UncottHciou«  Memory  and  Effect  of  Fatiffut. — The  teste 
were  taken  in  three  different  Grammar  Schools :  Oxford, 
Preeland  and  Woodland  Street  Schools.  In  the  Oxford 
Street  School  the  four  tests  were  taken  in  the  morning  and  a 


>  A  StatUtical  Stodv  of  Memory  and  Association^  by 
Jastrow,  Educational  JC«v1ew,  Dec.,  1891. 
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different  serieH  of  digit-]!:ronps  were  used  at  each  test.  The 
same  diglt-s  dictated  at  the  first  test  were  read  in  the  Inverse 
order  at  the  8e<^^nd.  They  were  then  completely  rearranged 
for  the  third  and  read  in  the  inverse  order  for  the  fourth. 
Thns  the  digits  in  every  observation  were  the  same  for  the 
four  tests,  the  order  alone  being  changed.  This  same 
arrangement  was  used  in  the  tests  of  the  Freeland  Street 
School,  two  tests  being  taken  in  the  morning  immediately 
after  the  school  assembled,  and  two  just  before  closing  in  the 
afternoon,  in  the  Woodland  Street  School  the  same  digit- 
groups  were  used  for  all  four  testa,  the  purjWKe  being  to 
determine  the  effect  of  unconscious  memory. 

In  the  following  Table  the  probabilities  of  correct  judg- 
ments for  each  test  on  five,  six,  seven  and  eight-plaoe 
numbers  for  all  the  pupils  in  Oxford  Street  School  are  given. 

TABLE  V. — Shows  the  probabilities  of  correct  judgDieDU  in  the 
Oxford  .Street  School  for  the  four  tests  with  Ave,  six,  eeven  and  eight- 
place  Dumbera ;  136  papila  were  tested  la  this  school. 


No.  Digits. 

First  Test. 

A.   H. 

8«coad  Test. 
A.  M. 

ThUti  Teat. 

A.  M. 

Fourth  Teat* 

A.   M. 

6 

82.7 

91.3 

83. 

91.3 

e 

S3.1 

73. 

71. 

78.5 

7 

30.4 

30.1 

33^ 

39.3 

8 

17.6 

16.3 

19.4 

25. 

In  this  school,  where  different  eeriea  of  digit-groups  were 
used  at  each  test,  the  pupils  show  with  two  exceptions  con- 
siderable though  not  uniform  increase  in  their  ability  to 
rememb^n-  the  gi-onps  of  digits.  This  increase  may  be  fairly 
takes  to  be  the  effect  of  practice,  as  the  pupils  remained 
naive  ae  far  as  possible  with  respect  of  the  tests  that  were  to 
be  used. 
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TABLE  VI. — Shows  the  probnbUltles  of  correct  jadRmcnta  for  the 
Freeiaod  Street  School  on  four,  five,  ?lx,  s«veu  antf  eicht-place  uum- 
berfl.  The  dl^it  groupB  thRt  were  used  In  the  OxlonT  Street  School 
were  used  lu  this  fichool.  Two  tef>t9  were  made  In  the  moTtilag  and  two 
Id  Lbe&fteruooD ;  219  pupils  were  teftted  In  this  school. 


No.  Digits . 

First  Test. 

p.  M. 

Second  Test. 

A.  H. 

Third  Test, 
p.  M. 

Fourth  Teat. 

A.   K. 

4 

9-2, 

95. 

98. 

95. 

S 

79.3 

86.7 

95.9 

79.6 

6 

60.1 

66.6 

64.7 

00^ 

7 

37.9 

43.3 

43.3 

44.6 

8 

25.6 

25.7 

82.7 

32.2 

This  Table  (jhows  that  the  pupils  improved  considerably 
though  not  uniformly  with  each  t«st.  They  do  not  show 
greater  increases  for  the  inomiug  than  for  the  afternoon  tests 
as  we  should  expect  from  the  fatigue  of  the  day's  work. 

TABLK  VII.— Showing  the  probabilities  of  correct  judgmenta  for  the 
Woodlaad  Street  School  on  four,  Ave,  six,  aeveu  and  eij^ht-placc 
numbers.  The  same  series  of  digit-groups  were  used  In  all  four  tests. 
Two  teata  were  made  Id  the  morDinfc  aad  two  ia  the  afternoon;  468 
pupUi  were  tested  ia  this  school. 


No.  Digits. 

First  Test. 

A.  U. 

Second  Test. 

F.  M. 

ThUd  Test, 
A.  ac. 

Fourth  Test. 

4 

96.2 

»7.3 

06. 

97.7 

5 

Sfl.e 

92. 

94.S 

94.8 

6 

56.7 

G4.4 

70.1 

76.6 

7 

40.4 

60.7 

68.7 

64.1 

8 

28.4 

34.9 

46.9 

49.7 

In  this  school  tho  pupils  have  shown  uniform  improve- 
ment in  each  test  and  at  the  same  time  the  peroentages  of 
increase  are  usually  larger.  The  morning  tests  do  not  show 
greater  proportional  increases  than  the  afternoon. 
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The  resalts  from  all  the  schools  point  to  the  condusioa 
that  the  pupils  improve  with  practice.  The  great  uaiformity 
an^l  large  increases  with  each  test  in  the  Woodland  t^treet 
School  seem  to  show  that  the  pupils  nnconsciously  remember 
the  diiiits  that  have  been  dictated  one  day  previous.  The 
probabilities  of  correct  judgment  do  not  show  auy  variations 
due  to  fatigue.  The  total  number  of  correct  judgmente  for 
the  morning  tests  in  the  Frceland  Street  School  are  2,69  and 
for  afternoon  tests  2,640;  for  the  morning  tests  in  Woodland 
Street  School  6,609,  and  for  the  afternoon  tests  7,179.  When 
we  consider  that  great  increases  were  niailc  with  each  test, 
and  the  first  test  in  the  Freeland  Street  School  was  made  in 
the  afternoon,  we  should  expect  a  greater  nnmber  of  correct 
judgments  for  the  morning  test ;  and  since  the  first  test  was 
made  in  tJie  Woodland  Stnn^t  School  in  the  morning,  w© 
should  expect  a  gre^it+tr  number  of  correct  judgments  for  the 
afternoon  t«8t.  This  is  just  what  the  figures  show,  and  we 
may  safely  conclude  that  the  pupils  suffer  no  fatigue  from 
their  school  work,  at  least  none  discoverable  by  such  tests  as 
these.    Their  work  is  probably  not  excessive. 

77t€  Nature  of  Errors. — A  careful  examination  of  the  ob- 
servations shows  that  tiere  were  three,  perhaps  four, 
classes  of  errors  which  represent  stages  in  the  fading  of  the 
memory-image.  In  the  fir»t  Btagc  the  digits  suffer  a  dis- 
placement of  order ;  in  the  second,  other  digits  are  substi- 
tuted for  some  that  were  dictated  and  in  the  third,  the 
number  of  digits  is  misjudged,  either  over-  or  under-estimated. 
Various  causes  may  be  assigned  for  the  displacement  of 
order.  When  the  pupil  attempts  to  write,  ^e  attention 
passes  over  the  successive  digits  in  memory  as  a  rule  much 
faster  than  they  can  be  written.  Before  the  pupils  can  write 
the  first  digit,  the  attention  has  passed  to  the  third  or  fourth 
and  the  hand  is  innervated  for  the  digit  that  is  present  in 
consciousness.  The  second  may  be  immediately  recalled  and 
is  put  in  the  third  place.  It  more  frequently  hapijens  that 
the  fourth  or  fifth  is  displaced  than  the  second  or  third. 
Again,  the  order  of  the  digits  in  the  numbers  previously 
dictated  clings  in  the  mind  and  causes  the  figures  in  tiie  next 
number  to  be  interchanged  in  accordance  with  that  order.'  A 
single  case  will  be  sufficient  to  make  this  statement  clear. 
Two  numbers,  the  first  commencing  with  8163  and  the 
second  with  5136,  were  dictated.  The  3  and  6  in  the  second 
were  frequently  reversed  so  as  to  read  63.  Further,  the 
order  in  which  the  digits  stand  in  our  system  of  notation 


1  Dr.  Leo  Bergersteln,  Zeitecb.  t.  Schulgeaundheitspflege,  No.  IX 
vidX.     1891. 
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determines  some  changres.  One  case  in  particnlar  deserves 
mention  and  will  be  of  service  to  others  who  attempt  any 
work  in  this  line.  The  last  three  dif^ts  of  one  number  were 
768  and  a  very  frequent  error  was  to  change  the  order  of  the 
7  and  6  to  67.  It  is  probable  also  that  when  these  digits 
were  read  in  the  inverse  order,  867,  the  order  of  the  6  and  7 
is  again  changed  to  read  876.  In  other  cases  a  digit  seems 
to  have  become  associate<l  with  one  place  in  the  number  from 
having  frequently  oc<!upied  that  place,  and  when  this  digit 
appears  in  tlie  next  succeeding  number,  it  ciianges  plat'es 
with  the  one  that  oo<*npies  the  position  it  has  become  associ- 
atetl  with  ;  even  when  it  does  not  appear  in  the  following 
number,  it  may  be  substituted  for  one  that  occupies  its 
as80ciat<e<l  position.  In  many  cases  it  is  very  difticult  to 
determine  what  has  brought  about  the  change  and  whether 
the  error  is  an  error  of  inversion  or  substitution.  Number 
habits  and  the  association  of  one  digit  with  another  from 
some  experience  in  life — the  number  of  the  house,  the  year  or 
day  of  the  month  of  a  child's  birth — would  seem  to  enter  as 
factors.  A  fact  that  has  been  noticed  frequently  in  teaching 
children  and  also  adults  is  the  great  liability  to  confusion, 
when  it  is  attempte<l  to  keep  separate  two  like  organs  whose 
functions  are  diametricaUy  opposed.  In  physiology  it  is  a 
difficult  matter  for  children  to  distinguish  the  functions  of 
the  right  an<l  leit  ventricles  of  the  heart  and  even  for  adults 
the  functions  of  the  dorsal  and  ventral  columns  of  the  spinal 
cord.  It  seems  probable  that  this  difficulty  also  appears  in 
keeping  the  order  of  two  digits  that  are  easily  remembered. 
1  and  5  standing  at  the  end  of  a  number,  where  the  digits  are 
rarely  forgotten  were  frequently  interchanged.  The  inver- 
sion of  the  order  is  by  far  the  most  frei[uent  error,  as  it  is 
also  the  first  to  occur. 

In  substituting  a  new  digit  for  one  that  has  t)een  read, 
there  enter  some  of  the  causes  that  bring  about  an  inversion  of 
the  order.  A  digit  is  substituted  for  another  to  make  the 
two  stand  in  the  order  they  do  in  our  system  of  notation,  or  in 
the  order  in  which  they  were  in  the  number  previously  dic- 
tated. The  likeness  in  the  sounds  of  the  names  of  two  digits 
often  determines  the  substitution  in  the  one  for  the  other. 
Kinc  and  five  and  nine  and  one  are  frequently  interchanged. 
The  written  or  printed  forms  of  9  and  I  probably  have  some- 
thing to  do  with  the  substitution  of  the  one  for  the  other. 
The  very  frequent  interchange  of  3  for  S  is  due  unquestion- 
ably to  the  likeness  in  the  form  of  the  printe*l  digits.  The 
likeness  in  the  innervation  ret|uired  for  two  digits  would  seem 
to  explain  the  substitution  of  5  for  3  and  7  for  9.  Substitution 
stands  next  in  frequency  to  inversion  of  the  order. 
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'When  the  dig:it6  are  left  ont  the  papila  more  freqnenUy 
have  forfi^otten  the  proper  di^ts  and  also  their  a^iuociatioos 
and  60  drop  them  out  altogetlier.  Whatever  may  be  the 
cause  of  the  dropping  of  a  digit,  the  faet  that  it  is  left  oat 
shows  a  more  advanced  stage  in  the  disappearance  of  the 
memory-image.  The  pla^-eH  in  which  the  most  errors  of 
every  kind  are  likely  to  occur  are  the  positions  from  which 
digits  ore  most  frequently  dropped.  In  some  cases  it  seems 
probable  that  a  digit  may  be  dropped  from  the  tendency  to 
bring  two  assoeiatetl  digita  in  jaxtax>osit1on  or  two  digits  that 
stand  juit4ii>osed  eitiier  in  our  system  of  notation  or  in  some 
number  previously  dictated. 

When  the  pupils  overestimate  the  number  of  digits,  two 
tendencies  only  were  noticed.  The  digits  that  were  supplied 
were  put  in  the  places  in  oar  system  of  notation  that  occur 
botw(*en  some  two  digits  already  given,  or  they  were  placed 
between  two  digits  which  should  st>and  together  and  which 
were  separated  by  the  snpplieil  digits  in  some  number 
previously  dictated.  When  two  digits  ah-eady  stand  in  their 
natural  or<ler,  the  tendency  is  verj-  strong  to  put  another 
digit  In  order  either  before  or  after  those  given.  The  second 
t^Midcncy  was  to  repeat  some  digit  already  written.  Over- 
estiiimtions  of  the  number  are  very  infrequent,  piobably  for 
the  n^Kon  that  each  test  was  l>egun  witli  numbers  that  could  be 
©osily  gruMped  and  digits  that  could  Ims  counted.  In  the  Normal 
School  tht>  oJjwirvatiouH  were  begun  with  seven-place  num- 
bers ;  but  instead  of  making  thi-ee  observations,  as  was  done 
In  tho  (ininnnar  S(;hoolH,  with  seven  digits,  the  teacher 
dictated  only  one  seven-place  number  before  dictating  an 
eight- and  n  nine-place  number.  Again,  a  seven- and  an  eight- 
nnd  u  nino-i»h«*e  number  were  dictated  and  so  on  nntil  fifteen 
ubNorvuiinim  w<^re  made  at  each  test.  As  the  cun^es  have 
dliowit  Mint  Hix  figun^s  arc  all  that  the  best  pupils  can  easily 
upan,  Ihi^  Normal  School  pupils  were  taxed  to  the  limit  of 
Mirlr  jHrwiM's  on  the  first  trial.  In  the  jQrammar  Schools  the 
piiplU  vfi-iv  MtarUtd  with  uuml>er8  tho.y  could  easily  grasp 
uihI  wrin  Ii-4l  by  steps  to  expect  the  number  of  digits  iu  each 
Niii^f^MMlIng  olwervation.  On  this  account  180  pupils  from 
l.hi)  Oxford  KtriH-t  ^'-hool  over-estimated  the  number  of  digits 
on  ol»Mi<rvations  with  seven-  and  eight-place  numbei-s  S8 
Mltittff  I  and  24  Normal  School  pupils  over-estimated  the 
niiinlMir  of  digits  7<>  times.  In  counting  the  errors  that  arise 
fiiiin  flroppiMg  digits  no  separate  account  wiis  taken  of  the 
irttNMN  wIk^io  the  pupils  dropped  the  digits  because  they  did 
imt  M'HUMMlHir  thd  numlwr  of  digits  given,  and  where  they 
ilmpjii'd  lUt^m  iM'causr  they  failed  to  recall  the  correct  digits. 
Ill  rnoMt  cases  It  would  be  difficult  to  determine  this.     This 


tendency,  however,  to  over-estimate  shown  by  the  Normal 
School  pupils  is  not  the  general  rule,  as  the  experiments  of 
other  observers  have  pretty  conclusively  shown.  Drs.  Hal! 
and  Jaatrow*  fonnd  that  the  tendency  was  to  under- estimate 
the  number  of  clicks  made  by  a  quill  held  against  the  notched 
circumference  of  a  revolving  wheel,  when  the  number  of 
clicks  was  too  rapid  to  be  counted.  Other  experiments 
point  in  the  same  direction.  It  would  seem  thon  that  at  the 
moment  when  pupils  rea^Jir^l  the  limit  of  thoir  memory  span, 
they  over-estimated  the  number  of  digits  ;  but  if  the  experi- 
ments had  been  continued  with  a  greater  number  still,  the 
pupils  would  have  under-estimated  tibe  number. 

Method  of  Correcting  the  Obaervations  and  Counting  the 
Errortt. — The  method  of  correcting  and  counting  the  errors 
has  an  important  bearing  upon  the  numl>er  and  the  classes  and 
so  must  be  f^iven  in  some  detail.  Any  treatniiut  of  the 
errors  will  necessarily  be  more  or  less  arbitrary  ;  but  that 
treatment  which  gives  the  most  uniform  results  uud  can  be 
the  mOKt  consistently  applied  would  seem  to  bu  the  least 
arbitrary.  Some  account  too  must  Imj  tiikcn  of  the  number  of 
errors.  The  least  possible  number  of  changes  necessary  to 
make  a  given  number  correct  was  made,  and  each  change 
was  counted  an  error  and  classed  an  error  according  to  its 
kind.  The  numbers  were  corrected  as  far  as  possible  by 
restoring  the  order,  before  resorting  to  the  substitution  of 
other  digit-s.  The  digits  not  required  were  then  cut  out  and 
the  proper  substitutions  made,  the  last  process  being  to 
supply  the  vacant  places  with  digits.  It  would  tw?  possible, 
however,  to  correct  any  number  by  either  cutting  out  digits 
or  substituting  others.  This  would  reduce  the  numl)er  of 
classes  of  errors  but  would  great-ly  increase  their  number  and 
destroy  the  distinction  t>ctwe€n  the  classes,  which  is  based 
upon  three  different  psycholugical  processes.  Aft-er  careful 
consideration  this  method  seemed  to  give  the  most  uniform 
results  and  was  the  easiest  to  apply  consistently. 

The  Frequenry  of  the  Different  Clashes  of  Errors. — To 
determine  the  class  of  errors  which  was  first  to  occur,  all 
those  observations  in  which  only  one  kind  of  error  was  made, 
were  examined  on  105  tests  from  the  fourth  and  fifth  grades. 
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TABLE  Vin.— Showing  the  different  cl&sse«  of  errors. 


ot  Order. 

SubtUtutioDi. 

Over 

EatlmAliooa. 

Uoder 
B»tim*Uona. 

Ftve-place  Numbers  .  . 

10 

7 

3 

1 

Six-place  Numbers     .   ■ 

44 

16 

15 

5 

Seven-place  Nnmbers    ■ 

40 

26 

13 

2 

Eight-place  Nombera    . 

33 

10 

U 

4 

If  we  take  observations  with  a  much  greater  namber  of 
digits,  we  should  expect  that  the  (greatest  iiumlier  of  errors 
would  result  from  the  dropping  of  digits.  This  matter  will 
be  discussed  again  further  on.  The  total  nnmbers  of  errors  of 
every  class  in  the  Oxford  Street  School,  when  compared  with 
the  total  nnmber  of  observations,  give  tlie  following  per- 
centages :  Inversions  of  the  order,  53%  ;  substitutions, 
SX%  ;  under  and  over  estimations  of  the  number  of  digits 

Position  of  the  Error. — In  what  places  are  error**  most 
likely  to  occur,  or  In  what  places  are  the  digits  most  often 
forgotten?  We  encounter  here  a  new  difficulty  in  deciding 
which  digits  are  incorrect.  This  difficulty  applies  only  to 
digite  that  are  interchanged.  Then,  too,  when  the  pupils 
have  left  out  figures  they  freciuently  indicated  them  by  leav- 
ing a  blank  space.  The  lirat  three  digits  are  fre<|uently 
present  in  their  proper  ortler,  then  follows  a  blank  space  and 
the  last  two  in  their  order.  The  last  three  may  be  present 
and  the  rest  absent  or  vire  vertfo.  To  avoid  this  difficulty, 
all  the  proper  digits  that  stood  in  tlieir  proper  order  either 
from  the  beginning  or  the  end  of  the  number,  were  considered 
correct  and  all  others  incorret^t.     300  observations  from  the 


'Important  In  this  connection  are  the  experiments  ot  Dr.  H> 
Httneterbcra,  CDie  Aeaociation  gHCcetsiver  Voraullumren^  Zeitfich.  t. 
Psychol.  Bd.  I.,  H.  3, 1890.)  He  found  that  he  could  repeat  seven  let- 
ters without  error,  when  they  had  been  exposed  one  at  a  time  In  such  a 
way  thai  each  wna  seen  for  one  i^euoud;  but  he  reached  tlit>  limit  of  bis 
power  at  ten.  The  mowt  frefpient  error  nns  that  of  substitution; 
Inversions  of  the  order  were  very  rare.  When,  however,  he  solved 
problems  in  mental  arithmetic  aloud,  while  the  letters  were  being  ex- 
posed, his  apper  limit  fell  to  seven,  and  only  fonr  or  five  could 
generally  be  recalled  correctly.  Instead  of  errors  of  subKtItutioD 
simply,  errors  of  inversion  of  the  order  became  the  more  frequent.  Tlie 
explanation  he  offers  for  thiit  dcct*  not  seem  in  the  li^ht  of  these  tests 
to  be  conclusive.  Possibly  the  dlflerence  In  rate  at  which  numbers  and 
letters  were  given  may  help  to  account  for  the  difference. 
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senior  class  in  the  High  School  on  hix,  seven,  eight  and  nine- 
place  numbers  and  300  from  the  rjghth  and  ninth  gnwlt's  of 
Fre<3laud  and  Woodland  Street  Schools  have  been  examined 
with  refei-ence  to  the  place  in  which  the  errors  were  most 
likely  to  occur.  The  errors  occurring  in  each  place 
were  counted  and  compared  with  the  possible  numbers. 
The  percentages  were  marked  upon  six  ordinates  for  six- 
place  numbers,  on  seven  for  seven-place  noinbers  and  so  on, 
and  tliese  points  connected  by  lines.  The  curves  thus 
obtained  will  represent  the  relative  frequency  with  which  an 
error  occurs  in  ea<'h  place.  Chart  III.  shows  the  curves  for 
the  Grammar  School  grades  and  for  the  High  School. 
Those  for  the  Grammar  School  are  represented  by  the  un- 
broken line  and  those  for  the  High  School  by  the  dotted  line. 
All  the  curves  show  a  gradual  though  not  uniform  rise 
from  the  first  place  to  one  place  past  the  middle ;  the  curves 
then  fall  at  first  slowly,  then  rapidly,  until  they  reach  a 
point  in  the  last  place  almost  as  low  as  at  the  t>eginning,  in 
two  cases  lower.  U  observations  with  more  than  nine 
digits  were  made,  we  should  expect  that  the  pupils  would  t>e 
likely  to  forget  the  first  more  often  than  the  last,  so  that  it  is 
not  a  mere  accident  that  the  curve  for  nine-place  numbers 
ends  lower  thau  it  Ix'gins.  If  fifteen  or  more  digits  were 
made  the  subject  of  observation,  the  pupils  would  probably 
forget  all  but  the  last  two  or  three  with  only  an  occasions^ 
recollection  of  the  fourth  from  the  last  and  the  first.  There 
is  a  backward  flow  to  the  memory  from  the  last,  which 
afiects  quite  perceptibly  the  second,  slightly  the  third  and  in 
individual  cases  the  fourth  from  the  end.  We  have  here  a 
demonstration  of  the  well-known  rhetorical  principle  that  the 
emphatic  wonis  iu  n  sentence  are  the  first  and  the  last.  In 
addition  to  this  we  got  an  idea  of  the  relative  importance  of 
the  other  woi-ds.  This  will  be  true  of  any  series  of  suc- 
cessive ide;is.  They  are  permanent  in  an  inverse  order  as 
they  are  removed  from  the  beginning  except  the  last  two  or 
three  which  are  permanent  in  their  order  from  the  last. 

Conchisioiis. — I.  The  limit  to  the  memory  span  for  the 
pupils  iu  the  public  school  is  six. 

II.  The  memory-span  increases  with  age  rather  than  with 
the  growth  of  intelligence.  Exf>crience  in  this  matter  is  a 
better  school  than  books. 

III.  The  memory-span  measures  the  power  of  concen- 
trated and  prolonged  attention. 

IV.  Intellectual  acuteness,  while  more  often  accompanied 
by  a  good  memory- span  and  great  power  of  concentrated  and 
prolonged  attention,  is  not  necessarily  acGompaniod  by  them. 

v.     The  girls  have  better  memories  than  the  boys. 
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increase  in  their  ability  t4> 

they 


VI.  With  practice,   papilB 
remember  groups  of  digits. 

VII.  Pupils    UDcoascioaFly   remember    digits   that 
heard  a  day  before,  vben  they  are  ased  second  time. 

VIIT.  The  tests  do  not  show  that  the  pnpilg  eufier  fatigae 
from  the  day's  work.  This  tact  shows  that  the  work  in  the 
schools  is  piohably  not  excessive. 

IX.  Memory  images  pass  throngh  three  stages  in  leaving 
Ute  mind.  First,  they  sailer  a  confusion  of  order;  second,  a 
loss  of  certain  elements  and  the  substitution  of  associated 
elements  ;  aai)  third,  a  complete  loss  of  some  elements  and  do 
recovery. 

X-  Ideas  previoosly  in  the  mind  and  association  forms  of 
IdiM  aiv  factors  in  caosing  the  confusion  of  the  memory 
liMtfe  and  n»  final  loss. 

XI.  There  is  an  apparent  tendency  to  overestimate  the 
Aoaiber  of  ideas  presejited  to  the  mind,  when  the  number  of 
ideas  is  slightly  greater  than  the  memory  span ;  but  the 
general  mle  is  to  under-estimate  the  number. 

XII.  Ideas,  except  the  last  two  or  three  in  a  series,  are 
lasting  in  an  inverse  order  as  they  are  removed  from  the 
btigtiming  of  the  series  in  which  they  occur.  The  last  two  or 
three  tLXti  lasting  but  in  decreasing  degree  as  they  are 
removed  from  the  end  of  the  series. 
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Chart  111. — Showstherelativeliabilily  of  adigitlo  be  for- 
gott**!!  in  any  ordfr  in  six,  Kovru,  cii^hl  sukI  nffie-plai-w  nnm- 
Im*ik.  TIm'  unljiokiMi  liiu*  represents  thiMlislrilmtion  of  tTrors 
for  ei^tith  mul  ninth  ^rade  pupilK,  and  the  broken  line  the 
distribution  for  Hi^U  School  pupils. 
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A  Study  of  Zollnek'b  Figuses  juvd  Other  Related 

Illusions. 
(With  the  afisUUDce  of  Helen  West.) 

The  present  paper  descril)es  an  investigation  of  an  illusion 
which,  while  familiar  und  fn^incntly  Htiidicd,  rt'mains  in  ita 
essence  and  conditions  of  origin  quite  unexplained.  We  make 
DO  claim  of  furnishing  an  adequate  and  final  explanation,  but 
aimply  aim  to  establish  a  few  steps  in  that  direction.  The  il* 
lusion  is  that  so  well  marked  In  figure  1,  first  described  by 
Zollner^  In  this  figure  the  main  lines  appear  very  far  from 
parallel ;  each  adjoining  pair  of  lines  seems  to  converge  at 
one  end  and  diverge  at  the  other.     Here  we  have  a  com- 
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plex  form   of  the  illusion  involved,  and   it  was  our  prob- 
lem to   ascertain  the  preceding   members  of  the  series  of 

*  We  are  indebted  for  the  aae  of  Afures  10,  11,  12,  13  and  M  to  the 
courtesy  of  MeB8r«.  Charles  Scrlbner  n  Soub,  publlnhen  of  Laddi  Oat- 
llnefi  of  I'hy  Bio  logical  pBychology,  aod  for  flg^rei  1,  14,  16,  17,  18  and 
36  to  He^erfi.  Heory  Holt  A  Co.,  publlnhem  of  JamM'a  Payahology, 
which  courLe»ie«  we  acknowledge  with  gmtltode. 
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irhlch  this  ia  the  end  term.  It  would  be  tedioaa  to  des- 
cribe the  various  steps  by  which  we  strippeil  this  figure  of 
one  and  another  of  its  complications,  determining  in  a  variety 
of  ways  what  part  they  played  in  the  total  effect;  it  will  be 
more  acceptable  to  sulwtitut*  for  this  rather  lal>orious  prooeas 
an  exposition  beginning  with  the  simplest  tj'pe  of  the  under- 
lying illusion,  and  building  it  up  step  by  step  to  ite  most  com- 
plicated form. 

When  viewing  two  lines  separated  by  a  space,  we  are  able 
to  connect  the  two  mentally  and  determine  whether  they  are 
or  are  not  continuations  of  one  another ;  but  if  we  add  to  one 
of  the  lines  another  meeting  it  so  as  to  form  an  angle,  th« 
lines  which  seemed  continuous  no  longer  appear  so^  and  those 


which  were  nob  (continuous  may  ap- 
pear 80.  In  Fig.  3  the  continuation 
of  the  line  A  appears  to  fall  below  the 
line  B,  and  similarly  the  continuation 
of  C  apparently  falls  to  the  right  of  D. 
But  in  reality  A  is  continuous  with 
B,  and  C  with  D.  If  we  cover  the 
line  C,  A  and  B  seem  continuons; 
thus  indicating  that  the  illusion  is  due  to  the  angle.  What  is 
true  of  obtuse  angles  ia  true,  though  to  a  less  extent,  of  right 
angles  and  of  acute  angles  ;  in  brief,  the  degree  of  this  illusion 
of  discontinuity  increases  and  decn^ases  as  the  angle  increaeefi 
and  decreases.  The  figures  to  prove  this  the  reader  can  easily 
supply;  further  illustration  thereof  will  api>ear  later.  Thia 
ia  the  simplest  form  of  a  sense  deception  that  underlies  very 
many  familiar  but  more  elaborate  figures.  The  principle 
therein  involved  we  generalize  as  follows  :  Galling  tie  direc- 
tion of  an  angle,  the  direction  of  the  line  that  bisects  it  and  is 
pointed  toward  the  apex,  then  the  direction  of  the  »idea  of  an 
angle  will  be  deviated  toward  the  direction  of  the  angle.  A 
very  important  corollary  of  this  main  generalization 
emphasizes  the  point,  that  just  as  the  deviation  of  diixn^tion 
is  greater  with  obtuse  than  with  acute  angles,  so  also  whea 
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«btU8e  and  acute  angles  are  so  placed  as  to  lead  to  opposite 
kinds  of  deviation,  the  (ormer  will  out-weigh  the  latter,  and 
the  illusion  will  appear  according  to  the  direction  of  the  ob- 
tuse angle. 

We  proceed  to  notice  a  few  of  the  means  by  which  the 
illusion  may  be  varied  and  tested.  A  relatively  large  dis- 
tance between  the  lines,  the  continuity  of  which  is  to  be 
judged,  produces  a  more  marked  illusion  than  a  relatively 
small  distance.  The  appropriate  figures  the  reader  can  read- 
ily supply.  In  other  words,  opportunity  must  be  given  for 
the  eye  to  lose  itself  in  passing  from  the  one  line  to  the  other. 
The  degree  of  illusion  may  be  increased  by  increasing  the 
numlier  of  angles  in  various  ways.  We  may  draw  a  series  of 
oblique  lines  parallel  to  the  line  C  (in  Fig.  2)  and  joining  the 


lio.  s. 

line  A,  Or  again  we  may  draw  a  line  parallel  to  C  from  the 
left-hand  end  of  line  B.  This  gives  Fig.  3,  in  which  the  two 
horizontal  lines  seem  to  be  on  entirely  different  planes.  The 
direction  of  the  deviations  induced  by  these  angles  being  op- 
posite in  tendency,  the  n^sult  is  quite;  marked.  Again  we  may 
add  a  second  line  parallel  to  the  real  continuation,  whirJi  will 
be  the  apparent  continuation,  and  we  may  further  strengthen 
Uie  tendency  to  regard  the  non-continuous  line  as  the  true 
continuation  by  shading  tiiem  alike  or  otherwise  differentiat- 
ing them.     Again,  we   may   draw   tliis  second  line  slightly 
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-oblique  instead  of  parallel  with  the  first  line  with  good  suc- 
■cosB  ;  this  is  done  in  Fig.  4.     Both  of  these  tests  can  be  made 
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accurate  by  meanuring  the  maximum  deviation  betwe^^n  tBe* 
parallels  or  between  the  parallel  and  the  adjaoentobliqoe  line, 
which  the  eye  will  tolerate  and  still  retain  the  illusion  of  the 
false  continuation  j  or  again  the  angle  alone  might  be  drawn 
and  the  error  measured, which  the  subject  would  make  in  add- 
ing what  appears  to  him  a  true  continuation  of  the  sidee. 

On  the  basis  of  the  general  principle  above  enunciated,  we 
may  proceed  to  the  explanation  of  a  series  of  more  complex 
figures.     We  turn  to  Fig.  5.     Here  the  effect  of  the  obtas« 
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angle  ^CD  is  to  make  the  continuation  of  the  line  .'IB  fall  below 
the  line  FG^  while  the  effect  of  the  acute  angle  is  just  the 
reveree,  but,  by  our  corollary,  the  former  preponderates  over 
the  latter  and  directs  the  illusion.  The  line  EC  adds  nothing 
essential  to  the  figure,  for  it  simply  introduces  two  angles,  £^CB 
and  j1C'£^,  which  reinforce  the  angles  ACD  and  BCD.  Like- 
wise the  line  BC  might  be  omitted  or  covered,  and  leave  the 
illusion  essentially  unaltered.    In  Fig.  6  we  observe  a  slightly 
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different  form  of  the  illuHion,  the  continuation  of  each  line  ap- 
pearing to  run  below  that  of  the  other,  so  that  these  continua- 
tions would  meet  at  an  obtuse  angle.  All  these  variations  fol- 
low from  tJie  dictum  that  the  direction  of  the  side  of  an  angle- 
is  deviated  toward  the  direction  of  the  angle. 

We  may  further  note  those  cases,  in  which  the  effect  of  each 
angle  is  counteracted  by  that  of  another,  resulting  in  tlie  dis- 
appearance of  all  illusion  ;  this  occurs  when  all  the  angles  are 
equal,  that  is,  are  right  angles.  This  appears  in  Fig.  7  and 
would  appear  equally  well  in  any  form  of  a  rectangular  cross 
with  lines  continuous  with  any  of  its  arms.  If  we  omit  or 
cover  the  portions  of  the  vertical  lines  below  the  horizontal  in 
Fig.  7,  we  obtain  a  very  instructive  figure.  If  we  observe  the 
horizontal  lines,  we  notice  that  they  do  not  appear  perfectly 
horizontal,  but  each  appears  to  tip  upwards  slightly  from  the 
apex;  i.  e.,  is  deviated  toward  the  direction  of  the  angle;  bo 
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ftlflO  if  we  observe  the  vertical  lines,  we  notice  that  they  do 
not  appear  exactly  vertical  and  parallel,  but  the  right  hand 
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line  tips  slightly  toward  the  right,  the  left  hand  line  toward 
the  left ;  i.  e.,  they  are  likewise  deviated  toward  the  directions 
of  their  angles.  This  tendency  of  the  sides  of  an  angle  to  be 
deviated  toward  the  direction  of  the  angle,  may  result  not  only 
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in  making  continuous  lines  appear  discontinnons,  bat  also  in 
making  parallel  lines  appear  to  diverge  from  purallelism. 

We  may  fnrther  illustrate  the  re- 
lation of  divergence  from  continoi- 
ty  to  divergence  from  parallelism 
by  rot&ting  the  right  half  of  Fig. 
3  throagh  180°,  and  placing  it  under 
the  left  half.  In  this  way  we  obtain 
Fig.  8,  which  shows  that  the  same 
angles  as  readily  produce  slight  devi- 
ation from  parallelism  as  from  con- 
tinuity. To  strengthen  this  illusiont 
we  multiply  the  number  of  oblique 
lines  and  tlins  of  obtuse  angles.  In 
so  doing,  we  unavoidably  introduce 
acute  angles,  bnt  as  before  their 
effect  is  out-weighted  by  that  of 
the  obtuse  angles.  We  thus  ob- 
tain Fig.  9,  in  which  the  paral- 
lel lines   diverge    markedly    above 
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«ad  converge  below.  If  we  now  carry  the  diagonal  lines 
across  the  vertical  ones,  the  illasion  remainB,  and  it  is 
dear  from  our  dictum  that  it  should  (v.  explanation  of  Fig. 
5.)  By  simply  adding  more  main  lines,  we  have  the  figure  of 
ZoUner,  with  which  we  set  oat'. 

Having  thus  given  a  resam^  of  the  serie-s  of  lllasioQB  from 
simple  to  complex,  we  may  proceed  to  apply  our  principles  to 
the  explanation  of  other  forms  of  the  illasion.  Fig.  10  showa 
the  illusion  of  discontinuity ;  the  line  a  appears  contlnuoas 


\ 


\ 
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with  c^  but  is  so  with  b;  and  this  is  neatly  emphasized  in  Fig. 
11,  in  which  a  continuous  line  is  deviated  once  in  one  direo- 
tion  and  again  in  the  opposite  ;  the  use  of  rectanples,  instead 
of  pairs  of  vertical  lines,  makes  no  essential  difference.  Fig.  12 
prenents  the  Hamu  iUusionwith  the  lines  horizontal,  the  line  a 
appearing  continuous  with  r,  while  it  is  so  with  b.  In  each 
case  the  obtuse  angle  out-weighs  the  acute  angle  and  deter- 
mines the  direction  of  the  deviation.  Fig.  12,  when  contrasted 


B 
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with  Fig.  13,  shows  the  effect  of  the  position  of  its  angles ;  in 
the  former,  c  seems  continuous  with  a,  while  h  is  really  so, 
because  the  lower  obtuse  angle  attracts  the  deviation  of  the 
line  c  towards  itself ;  in  the  latt-er,  the  obtuse  angle  actually 
drawn  between  c  and  one  of  the  vertical  lines  out-weighs  in 

*  The  oblique  lines  haTe  been  made  shorter,  but  this  does  not  add  any- 
thlDK  essenclftlly  different.  It  keeps  the  figure  compact,  and  thas  readUy 
allows  the  judgment  of  parallelism. 
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effect  the  anp:le  Uiat  is  sutu^estod  between  c  and  the  horizontal 
line  formed  by  the  end-joints  of  the  vertical  lines,  and  thus 
the  true  continuation  of  a  is  below  the  apparent  eoutinuation. 
The  divergence  and  convergence  of  the  horizontal  lines  in 
Pigs.  14  and  15  likewise  follow  from  the  above  principles  and 


^^ 
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illnstrat*  some  of  its  more  complex  forms,  while  most  com- 
plex and  brilliant  of  all  is  Fig.  16.     In  these  figures  the  same 
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line  is  made  to  deviate  in  opposite  directions  (by  oppositely- 
directed  obtuse  angles)  from  it6  centre,  and  thus  theoonverg- 
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enoe  and  diver^nc^  of  the  lines  is  greatly  emphasiEed.  The 
jtoints  at  wbidi  the  apparent  change  of  dire<^tion  ocxrurs  are 
also  emphasized  by  cross  lines.     Fig.  17   adds  the  farther 
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principle  that  the  extent  of  the  apparent  deviation  varies  di- 
rectly with  the  size  of  the  angle,  for  as  each  8uc<:e88ive  angle 
increases  (or  decreases),  the  deviation  increases  (or  de- 
creases)^ so  that  the  straight  line  becomes  a  line  with  a  con- 
tinuous change  of  direction,  that  is,  a  curve;  as  before,  the 
obtase  angles  arc  the  Hignificant  ones. 

Helmhoitz    finds  a  similar  illnsion   in   which  motion   is 
involved  and  which  Prof.  James  thus  describes  (Fig.    18.) 
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'*  Let  A  B  be  a  line  drawn  on  paper,  C  D  E  the  tracing  made 
over  this  line  by  the  point  of  a  compass  steadily  followed  by 
the  eye  as  it  moves.  As  the  compass  point  passes  from  C 
to  D,  the  line  appeals  to  move  downward ;  as  it  passes  from 
D  to  E,  the  line  appears  to  move  upward  ;  at  the  same  time 
the  whole  line  seems  to  incline  itself  in  the  direction  F  O 
during  the  first  half  of  the  compass's  movement,  and  in  tlxe 
dir<M*tion  H  I  during  the  last  hall;  the  change  from  one  in- 
clination to  another  being  quite  distinct  as  the  compass  point 
passes  over  D."  The  line  formed  by  the  movement  of  the 
compass  points  acts  as  two  oblique  lines  crossing  the  horizon- 
tal one.     Curved  lines  produce  the  same  illusion^  as  may  be 
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Been  in  Fig.  19,  by  the  api>arent  sagging  of  the  lines  at  the 
centre.  The  illusion  is  here  strengthen^  l>y  the  presence  of 
several  curves.* 


Fio.  lit. 


^  Wundt  fieures  two  illusions,  which,  appareatly.  are  excepttoni  to 
oar  f^euerallzattoQ.  ftiid  which,  accordingly,  demftnd  atteutlou.  In  Fifp. 
aO  the  horizontal  line  appears  as  two  Unee  tipping  iUghtly  downwanl 
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from  the  centre.  Ourflrnt  Impulse  would  be  to  regard  the  illusion  as  due 
to  the  angles  .^Cff  and  J?CF,  and  we  should,  aecordlnK  to  our  dictum, 
expect  the  lines  to  tilt  vpward  ellghtly.  But  reuiemberlog  the  ereater 
effect  of  obtuse  aoffles,  we  should  view  the  llf^re  as  compoaed  of  Fig.  6, 
in  which  the  two  huri7X)iital  Hues  are  approached  to  one  another  until 
they  meet;  when,  by  theefr«H,'t  of  the  angle  ACF^  KC  U  tipped  down,  and 
by  the  action  of  SC'h\  CF  Istlitpeddown.  That  t<ucbU  really  the  natural 
way  of  looking  at  It  will  be  evident  from  Fig.  14;  at  the  centre  of  the 
upper  lino  we  have  the  very  same  arrangement  of  lines  producing  Che 
tame  efliH't,  and  Immediately  In  conjunction  with  the  efl'ectlve  obtuse 
angles. 

Wnodt*B  next  figure  ts  more  dJfilcuU  to  explain  (Fig.  31).    There  the 
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Hues  tip  up  at  the  ends,  and  there  are  apparently  no  angles  which  would 
makethemdofto.  We  have  come  to  the  Tie  w  that  this  figure  isamodlBva- 
tion  of  Fig.  32.    Here  the  obtuse  angles  are  present  and  determine  the 


tUuMon.  The  oblique  Hues  need  not  Join  to  produce  the  effect,  and  the 
short  vertical  Hue,  a^  in  ihe  oilier  ca^es,  simply  brings  out  the  poiut  at 
which  its  change  of  direction  takes  place.  We  Judge  the  tipping  of  the 
lines  by  reference  to  a  horizontal  which  we  carry  with  us  or  have  sug- 
gested by  the  line  of  the  page  or  the  many  horizontal  objecta  we  twhold. 
We  must  likewise  Infer  that  the  tipping  in  Fig.  21  Is  due  to  the  obtoaa 
angle  fortued  by  one  side  reiilly  present,  and  another  Auggested  only  by 
the  continuation  of  C'£'and  CF.  The  following  considerations  may  eerra 
to  remove  the  artineialUy  of  thl**  explanation:  (1)  we  do  frequently 
Judge  by  reference  to  imagined  lines;  e.  g.  our  horizontal  and  vertical; 
(2)  we  use  suggested  lines  in  illUfdons;  ('i)  the  centre  of  Fig.  5  above 
presents  Fig.  21  as  the  end  term  of  a  series,  and  Id  conjunction  with  the 
effective  obtuse  augle ;  (4)  the  illusion  Increaaws  as  this  Inugloed  obtuse 
angle  iDcreases,  but  decreases  as  the  real  aeitte  angle  looreaaea. 


scribed  in  the  hexagon  bends  in  the  sides  of  the  hexagon  at 
the  points  of  contact.  Furthermore,  the  fact  that  the  hex- 
agon shows  the  Ulnsion  even  better  than  the  square,  suggests 
that  the  larger  angle  is  the  more  effective.  This  illusion  we 
regard  as  a  complicated  form  of  Fig.  20  inverted.  From  our 
former  explanation  it  is  already  clear  why  we  should  have  a 
large  obtuse  angle  at  the  point  of  contact  Instead  of  the  act- 
ual continuous  Tine.  The  portion  of  the  curve  a<ljoiniDg  the 
point  of  contact  acts  as  a  straight  line,  as  it  also  docs  in  Fig. 
19.  The  effective  angles  are  thns  the  angles  of  which  ABCT 
and  VBF&Te  types.  The  application  of  our  generalization  to- 
forms  of  illusion  not  taken  into  a<!COunt  in  the  formulation  is 
a  vei-y  gratifying  index  of  it«  value. 

We  turn  finally  to  a  brief  account  of  the  literature  of  the 
topic.  Ziitluer  accidentally  noticed  the  illusion  on  a  pattern 
designed  for  a  print  for  drees  goods.  He  established  the 
following  points :  (1)  the  illusion  is  greatest  when  the  main 
parallel  lines  are  inclined  46*^  to  the  boriKontal ;  (2)  the  illa- 
sion  disappears  when  viewed  at  a  slight  angle,  as  by  holding- 
one  comer  of  the  figure  np  to  the  eye ;  (3)  it  vanishes  when 
held  too  far  from  the  eyes  to  clearly  see  the  cross  striations ; 
(4)  the  illusion  is  as  good  for  one  eye  as  for  two;  (5)  the 
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strength  of  the  illnsion  varies  ^th  the  inclination  of  the 
oblique  to  the  vertical  lines.  In  later  Htndies  he  determined 
that  (6)  the  angle  between  oblique  and  vertical  lines  at 
which  the  illusion  is  greatest  is  30  degrees  ;  (7)  the  illusion 
appears  under  the  illumination  of  an  electric  spark  quite 
as  strongly  as  otherwise;  (8)  viewing  it  through  red  glass 
weakens  it. 

He  also  answers  criticisms  by  Helmholtz  and  Hering.  His 
explanation  in  cuHouh  and  in  itH  details  unint<^Uigible.  He 
draws  an  analogy  between  these  and  illusions  of  motion  and 
makes  all  depend  on  the  view  that  it  takes  less  time  and  is 
easier  to  inler  divergence  or  convergence  than  parallelism.* 
Why  the  illusion  should  vary  witl»  the  angle^  under  this 
theory,  he  does  not  explain ;  the  fact  that  it  is  greatest  at  46" 
he  regards  as  the  result  of  less  visual  experieno-e  in  oblique 
directions.  Apart  from  the  fact  that  this  theory  dot^s  not  ex- 
plain and  is  not  applicable  to  many  of  the  figures,  it  can  be 
experimentally  disproved  by  a  figure  similar  to  Fi-^.  1  bat 
with  tlie  lines  actually  inclined  but  apparently  parHllel,  as 
suggested  by  Hering.  Here  really  diver^;;'nt  lines  all  seem 
parallel,  showing  that  the  illusion  does  not  consist  of  the 
inference  of  parallelism  or  non-parallelisui.  but  of  a  certain 
angular  distortion  of  the  real  relations  of  lines. 

Hering  (Btifrage  zur  Phyaiologie^  1861,  pp.  69 — 80)  added 
several  of  the  figures  above  noticed  (Figs.  14,  16,  19).  He 
bases  his  explanation  ui>on  the  cnrvature  of  the  retina  and 
the  resulting  difference  in  the  retinal  images  of  arcs  and  circles. 
He  figures  thi/i  explanation  for  the  square  enclosed  in  a 
circle  and  applies  it  to  the  rest.  He  criticises  ZoUner  and 
diKmisRes  the  fact  that  the  illusion  is  strongest  in  oblique 
directions,  as  irrelevant.  In  a  later  article  (Hermann,  Til., 
p.  378),  he  brings  in  the  additional  statement  that  acute 
angles  appear  relatively  too  large  and  obtuse  ones  too  small. 


*  It  U  well  to  note  that  PogjreDdorf  oailed  Zollner'i  attentton  to  a 
further  lllasion  tn  faia  flf^um.  This  was  printed  tn  deep  bl^ck  llnefl, 
and  the  two  parta  of  the  oblique  Itne  croMlog  it  aeemed  not  quite  ooa- 
tinaous;  L  «.,  the  lUaAlon  of  Fig.  10,  with  a  broad  black  line  for  the 
reutanele.  ZoUaer  regarded  tUs  as  unrelated  to  tlie  other  aod 
accre<uted  It  to  aatlgcaatUin. 
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He  aleo  printe  a  figure  (Fig.  24)  based  npon  the  lactTof 
greater  i}ltiaion  in  oblique  directions.  This  figure,  as  Anbert 
has  pointed  out  clearly,  refutes  Hering's  theory,  for  it  shows 
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a  variation  in  the  strengtii  of  the  illusion,  while  the  retinal 
image  remains  the  same.  * 

Aubert  ( Ph  i/Hwlof/ie  rfer  AVzAau^  1865,  pp.  270 — 272)  con- 
fines his  attention  to  a  notice  of  the  results  and  views  of 
others,  closing  with  the  sentence :  **  I  am  unable  to  give  any 
explanation  of  ZoUner's  illusion."  In  a  later  work,  (Physi- 
ologijicfic  Opdk,  1876,  pp.  629—631),  he  practically  rep^t« 
his  former  statements,  and  mentions  that  Volkmann  ex- 
plained it  by  an  apparent  alteration  of  the  plane  in  which  the 
obUque  lines  appeared;  i.  e.,  they  appeared  in  a  plane  in- 
clined to  that  of  the  paper,  and  the  inclination  of  the  long 
parallel  lines  to  this  plane  appears  as  inclination  toward  one 
another. 

Classen  ( Physioiogie  des  GesichtMinns)  after  disagreeing 
with  all  previous  theories,  gives  his  own  explanation  in  these 
words  :  **  Now  the  cause  of  the  illusion  is  cleai* :  in  recogniz- 
ing the  directions  of  the  converging  and  diverging  oblique 
lines,  we  judge  them  by  their  relations  to  the  vertical  ones. 
These  recede  from  the  obliqne  lines  where  they  diverge,  and 
approach  them  where  they  converge ;  and  thus  the  direction 


^  Kundt  (cited  by  Aabert)  attemptod  to  get  an  expertinencal  proof  of 
Hering^B  view,  bat  ble  reaalts  at  closo  dUtaoces,  which  alone  are  rel- 
evant, failed  to  corroborate  cbe  theory.  Kundt  aUo  determined  the 
relation  between  the  size  of  the  figure  and  the  distance  from  the  eye 
It  which  the  llloslon  disappeared. 
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[of  the  verticals  is  regarded  as  a  separation  toward  the  side  of 
convergence  and  an  approaching  toward  the  side  of  diverg- 
ence.*' Classen  noticed  that  the  illusion  appeared  as  soon  as 
a  pair  of  parallels  wan  crossed  by  a  pair  of  oblique  lines 
whicii  formed  an  acute  angle  at  thoir  junction.  He  insists 
that  a  pair  of  lines  of  opposite  direction  is  necessary  to  pro- 
duce the  illusion,  and  leads  one  to  infer  that  if  this  were  not 
BO  his  theory  would  be  disproved.     This  can  be  shown  in 

iTarious  ways ;  e.  g.,  by  drawing  only  the  left  half  of  Fig.  9 
and  eubBtitnting  a  parallel  line  for  the  right  half,  the  illusion 
remains,  though  not  so  distinctly. 

Lipps  (Ch-undthatsacht'n  des  St'cieiUehenitj  18S3,  pp.  626 — 
630)  regards  the  illusion  s%s  primarily  psychical ;  whatever 
partfi  the  movements  of  the  eyes  play  being  determined  by 
the  attention.     He  says  :  "  If  we  draw  (Fig.  25)  the  line  pm 
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upon  the  line  a6,  and  follow  the  latter  with  our  eye,  we  shall, 
on  reaching  the  point  rn,  tend  for  a  moment  to  slip  off  at  and 
to  follow  mpf  without  distinctly  realizing  that  we  are  not  still 
on  the  main  line.  This  makes  us  feel  as  if  the  remainder  mb 
of  the  main  line  were  but  a  little  away  from  its  original  di- 
leotion.  The  illusion  is  apparent  in  the  shape  of  a  seeming 
approach  of  the  ends  bb  of  the  two  main  lines.''  Prof.  James, 
whose  words  we  have  been  quoting,  adds:  ''This,  to  my 
mind,  would  be  a  more  satisfactory  explanation  of  this  class 
of  illusions  than  any  of  those  given  by  previous  authors, 
were  it  not  again  for  what  happens  in  Uie  skin."  Prof. 
James  thinks  that  this  class  of  illusions  belongs  to  the  field 
of  sensation  rather  than  of  unconscious  inference. 

Hoppe  ( Physiologische  Optik,  1881,  pp.  73 — 83)  gives  a 
careful  and  critical  digest  of  the  views  of  others,  which  he 
finds  it  difficult  to  understand.  His  own  is  no  less  so  but 
seems  to  be  Uiat  our  eyes  and  our  attention  are  drawn  to 
those  lines  that  do  most  to  fill  out  space,  and  that  we  run  out 
the  oblique  lines  until  they  meet ;  from  this  imagined  point 
of  jnnction  the  real  parallels  look  divergent.  When  we  care- 
fully fixate  the  parallel  lines,  the  illusion  is  avoided.    Or 
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Bgain^  "  we  follow  the  filled  middle  apace  according  to  th^ 
course  of  the  obliqne  linea  and  neglect  the  black  parallel 
straight  lines;  or,  because  the  latter  are  thus  lees  noticed 
and  viewed  from  a  greater  distance,  we  strengthen  the  ap- 
pearance of  their  separation  by  the  indirect  riew  we  obtain  of 
them/'  The  illusion  ia  not  retinal,  because  it  vanishes  in  th« 
after  image ;  it  is  intellectual  in  origin.  It  is  difficult  to  see 
how  Lipps's  view  would  lie  expressed  so  as  to  apply  to  Fig. 
2,  or  why  the  illusion  should  disappear  in  Pig.  7.  Hoppers 
view  is  open  to  the  same  objection  as  Classen's  and  is  re- 
futed by  the  same  figures. 

Wundt  { PhysiolofjxKcfut  Psifchologie^  3d  ed.,  11.,  pp.  124 — 
132)  although  bringing  in  other  factors  as  well,  makes  his 
main  argument  rest  upon  the  view  that  we  tend  to  overesti- 
mate acute  and  underestimate  obtuse  angles.  He  gives  no 
proof  of  this  fact,  if  fact  it  be,  nor  explains  in  what  manner 
the  error  appears.  He  seems  to  mean  that,  in  judging  of  the 
direction  of  the  sides  of  an  angle,  we  view  acute  angles  as 
larger  than  they  really  are.  If  this  be  so,  there  must  be 
some  angle  at  which  the  illusion  disappears,  and  this  would 
seem  to  be  the  right  angle;  however,  we  get  the  illusion  with 
right  angles.  Again,  in  Fig.  5  and  many  similar  figures  that 
we  could  construct,  the  acute  angle  judged  by  the  same  means 
would  appear  to  be  smaller  than  it  really  is,  and  in  many 
respects  acute  and  obtuse  angles  are  affected  alike.  In  oom- 
mon  with  others,  Wundt  regards  the  increase  of  the  error  at 
45°  as  due  to  a  less  exact  visual  experience. 

Pisco  (Licht  und  FarbCf  2d  ed.,  1876,  p.  268)  gives  no 
explanation,  but  adds  the  beautiful  Fig.  16. 

Helmholtz  (Phwnhxj.  (Jpfik,  pp.  564-574)  presents  a 
peculiar  view  of  the  subject.  He  b^ins  with  the  illusion  of 
the  deviation  in  direction  of  the  two  parts  of  an  oblique  line 
separated  by  a  rectangle  and  i-egards  the  particular  cause  of 
this  illusion  to  be  the  curving  in  of  the  oblique  lines  as  they 
meet  the  sides  of  the  rectangle  or  heavy  vertical  lines.  More- 
over, this  is  especially  true  of  small  figures,  in  which  as  a 
whole  the  illusion  is  more  marked.  This  deviation,  then, 
at  least  in  small  figures,  is  due  to  irradiation.  He  supple- 
ments this  explanation  with  one  that  will  apply  to  large 
figures  and  to  ZoUner's  illusion.  He  says:  "We  may  con- 
sider these  illusions  as  new  examples  of  the  law  above  indi- 
cated, according  to  which  acute  angles,  being  small  in  size 
and  clearly  limit-ed,  appear  in  general  as  too  lai^  when  com- 
pared with  right  or  obtuse  angles.'*  Moreover,  movement 
plays  a  lai-ge  part  in  at  least  some  of  the  figures,  and  in  these 
the  illusion  disappears  under  precise  fixatiou  and  the  electric 
spark.    This  effect  of  movement  is  illustrated  by  the  instance 


cited  above  and  leads  to  a  sort  of  contraBt  whereby  a  clearer 
difference  seems  a  larger  one.  Besides  the  general  objection 
that  so  many  principles  are  brought  in  to  explain  facts  so 
clearly  belonging  to  one  sphere,  and  the  furtlier  objections 
which  have  already  been  advanced  against  the  alleged  over- 
estimation  of  acute  angles,  sevei-al  detailed  criticisms  might 
be  made.  In  the  iirst  place,  Ilclmholtz  has  not  shown  that 
email  fijrures  present  the  illusion  better  than  large  ones ;  in 
his  figures  he  has  drawn  lesB  than  half  as  large  an  acute 
angle  in  the  small  figure  as  in  the  large  one,  and  this  is  the 
cause  of  the  difference  he  obsei'ves.  Regarding  the  alleged 
cnrvatnre  of  the  lines,  it  is  difficult  to  see  it ;  and  it,  as  well 
as  the  possibility  of  irradiation,  may  be  eliminated  by  drawing 
all  the  lines  light  and  not  allowing  the  oblique  line  to  quite 
meet  the  vertical  ones — under  such  circumstances  the  illusion 
persists.  Helmholtz's  chief  argument  for  the  effect  of  fijcation 
is  drawn  from  the  heavily-dniwn  form  of  Zollner's  figure^  in 
which  he  looks  at  the  white  l)ands  with  oblique  lines  running 
out  like  the  feathers  on  an  arrow,  and  see^  them  paralleU  but 
this  is  precisely  what  mxi^t  occur  from  the  position  of  the 
angles,  the  effect  of  each  angle  being  eompensat'Cd  by  another. 
The  two  modes  of  drawing  the  figure  make  two  figures  of  it. 
The  arguments  from  the  electric  spark  experiments  are  cer- 
tainly questionable  both  in  fact  and  inference,  and  it  must  be 
admitted  that  the  entire  treatment  is  unsatisfactory. 


It  will  be  seen  that  the  field  we  have  entered  is  a  very 
complex  one,  and  that  a  most  important  problem — Why  do 
we  deviate  tlie  sides  of  an  angle  toward  the  direction  of  an 
Mglet — remains  to  be  solved.  How  far  does  this  depend  on 
eye  movements,  how  far  upon  inference,  and  the  like!  The 
chief  defect  of  former  attempted  explanations  seems  to  us  to 
consist  in  theorizing  upon  too  limited  a  range  of  facts.  What 
is  true  of  one  gioup  of  figures  fails  to  apply  to  others.  Before 
an  explanation  can  be  satisfactory  we  must  know  precisely 
what  it  is  that  we  are  to  explain,  and  this  ne<-essitates  a  cor- 
rect  and  comprehensive  generalisation  of  the  facts :  this  it  is 
that  we  have  attempted  to  supply. 

Our  study  of  these  illusions  leads  us  to  regard  them  as 
essentially  psychological  in  origin ;  they  are  illusions  of  judg- 
ment and  not  of  sensation.  Furthermore,  we  wonld  regard 
them  as  an  outcome  of  the  general  principle  that  we  are  prone 
to  judge  relatively  rather  than  absolutely ;  tliat  our  perceptions 
differ  according  to  their  environment ;  that  a  sense  impression 
is  not  the  same  when  presented  alone  and  when  in  connec- 
tion with  other  related  sense- impressions.     Aline  presented 
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by  itaelf  in  a  different  object  from  a  line  as  a  part  of  an  angle 
or  of  a  6gure.  However  much  we  desire  to  consider  the  line 
Independently  of  the  angle,  we  are  unable  to  do  so.  We  have 
the  direction  of  an  angle  and  the  direction  of  the  lines  that 
form  the  angle,  and  we  are  anable  to  consider  the  latter  abeo- 
lotely  without  reference  to  the  former.  The  more  nearly  the 
directions  of  the  angle  and  of  the  sides  coincide,  i.  g.  the 
smaller  the  angle,  the  smaller  will  be  the  error  indncod  by 
this  relative  mode  of  viewing  the  lines-  The  whole  series  of 
illasions  would  thus  be  subsumed  under  the  law  of  contrast  or 
better  of  relativity ;  and  the  different  variations  and  d^reeB 
of  the  illusion  would  find  their  explanations  in  the  readiness 
with  which  they  suggest  and  enforce  misleading  comparisons. 

In  order  to  exhibit  a  type  of  illusions  most  readily  explica- 
ble from  this  point  of  view,  as  well  as  to  exemplify  the  sng- 
gestiveness  of  the  latter,  we  will  consider  an  tUlied  group  of 
naual  illusions. 

Just  as  the  presence  of  angles  modifies  our  judgment  of  the 
direcfioiu*  of  their  sides,  so  too,  the  angles  will  modify  the 
apparent  lengths  of  lines.  This  form  of  contrast  is  most 
strikingly  exhibited  in  Fig.  26,  and  best  by  comparing  I  and 
IV,  i,  e.  cover  up  II  and  III.  It  seems  almost  incredible 
that  the  horizontal  portions  of  I  and  IV  are  of  equal  length, 
and  yet  such  is  the  case,  n  and  m  supply  the  intermediate 
steps,  and  in  comparing  the  four  figures  the  hori7X)ntal  por- 
tions seem  to  become  successively  shorter  from  I  to  VI,  while, 


I. 


n. 


m. 


IV. 


rio.  M. 


in  reality,  they  are  all  one  length.     Here,  again,  the  greater 
the  angles  formed  at  the  extremities,  the  greater  the  apparent 
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length  of  the  line ;  and  thus  the  constraeC  is  greatest  between 
the  very  obtuse  and  the  acute  angles.  Other  (actors  con- 
tribute to  the  illnsions;  e.  g.  the  positions  of  the  figures,  the 
jaxtaposltion  of  certain  lines,  the  distance  between  the  figures, 
and  the  like.  The  illusion  persists  if  the  horizontal  lines  be 
omifcttMl,  and  wo  judge  the  spaccH  between  the  oblique  lines.  It 
also  shows  very  well  by  cutting  the  figures  out  of  paper  either 
as  they  are  or  as  truncated  pyramids  (by  joining  the  ends  of 
the  oblique  lines  by  a  line  parallel  to  the  horizontal  one),  and 
viewing  them  against  an  appropriate  back-ground. 

We  may  also  be  tempted  to  judge  of  two  areas  by  their 
juxtaposed  lines,  thus  r^arding  one  of  two  equal  areas  as 
larger  than  the  other.     This  is  shown  in  Fig.  27,  which  also 


Fw.  ST. 

shows  very  well  when  the  figures  are  cut  out  and  moved  about  to 
assume  various  positions.  The  upper  figure  seems  larger, 
l)ecan8e  its  long  side  is  brought  into  contrast  with  the  shorter 
side  of  the  other  figure.  Similarly,  a  square  resting  on  a  cor- 
ner seems  larger  than  one  resting  on  a  side,  because  wethenoon- 
trast  the  diagonal  with  the  side.  Fig.  28  on  the  following  page 
presents  anotlier  illustration  of  the  same  principles  ;  the  lower 
figure  seems  to  be  distinctly  the  larger,  and  the  contrast  is 
emphasized  because  it  is  thrown  entirely  to  one  side  of  the 
figure.  In  judging  areas,  we  cannot  avoid  taking  into  ac- 
connt  the  lengths  of  the  lines  by  which  the  areas  are  limited, 
and  a  contrast  in  the  lengths  of  these  is  carried  over  to  the 
comparision  of  the  areas.  We  judge  relatively  even  when  we 
most  desire  to  judge  absolutely.     Relative  distinctions  and 
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the  perception  of  relation  seem  to  be  more  natural  and  sig- 
nificant than  absolute  ones.  We  cannot  view  tlie  part  aa 
anxclated  to  the  whole.     This  Ib  a  widely  applicable  princi- 
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pie  and  is  suggested  as  a  convenient  guiding  principle  by 
which  the  study  of  such  illusions  of  sense  may  be  profitably 
dii-ected. 


y 


A  Study  of  Involuntary  Movementb. 

(With  the  MBifltance  of  Helen  West.) 

The  dictum  that  thought  is  repressed  action  most  readily 
finds  illustration  In  conditions  of  the  nervous  system  varying 
somewhat  from  the  normal.  It  is  easier  to  detect  tlie  action 
of  not  definitely  recognized  laws  in  extreme  forms  than  in 
average  ones.  The  modern  view  of  morbid  action,  however, 
emphasizes  the  close  relation  of  tiie  abnormal  to  the  normal ; 
there  exists  in  the  latter  in  germ  and  to  a  limited  extent, 
what  is  full  grown  and  charactt-ristic  in  the  former.  If,  under 
great  excitement  and  extreme  fascination  of  the  attention  and 
in  favorably  constituted  individuals,  the  involuntary  move- 
ments are  pronounced,  the  rudiments  of  these  movements 
should  be  demonstrable  in  the  average  individual  under  nor* 
mal  conditionB.  For  this  purpose  delicate  apparatus  may  be 
requisite,  and  a  variable  amount  of  success  is  to  be  expected. 
The  question  of  apparatus  is  of  importance,  and  our  present 
study  aims  to  do  little  more  than  describe  the  apparatus  and 
illustrate  what  results  may  be  obtained  therewith. 


BTUDIE6  FfiOM    UNITEE8ITY  OF   V1S00N8IN. 

The  apparatus  is  so  simple  that  a  brief  description  will 
doabtleHB  be  sufficient  to  convey  a  clear  idea  of  its  mode  of 
action.     There  is  first  a  piece  of  plat«  glass  (see  Fig.  29) 
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fliftcen  inches  square,  resting  in  a  stont  wooden  frame ;  this 
frame  is  mounted  on  three  adjustable  brass  legs,  raising  it  an 
inch  or  so  from  the  table.  By  means  of  the  screw  ■  adjust- 
ments of  the  legs,  the  plate  glass  is  brought  into  exact  level. 
Three  brass  balls,  which  must  be  very  perfectly  turned  and 
polished  spheres,  about  three-fourths  of  an  inch  in  diameter, 
are  placed  in  the  form  of  a  triangle  upon  the  plate ;  upon  these 
balls  rest£  a  very  light  cryatal-plato  glass,  fourteen  inches 
square,  mounted  in  a  light  wooden  frame.  On  the  upper  sur- 
face of  this  plate  ik  jilat^^d  a  i)iece  of  paper  to  hide  the  balls, 
and  on  tlie  paper  we  lightly  rest  the  finger-tips  of  our  hand. 
It  is  almost  im]>ossihle  to  keep  the  plate  from  all  motion  for 
more  than  a  few  seconds ;  the  slightest  movement  of  the  hand 
slides  the  npper  plate  upon  the  l>alls.  To  maintain  the  ap- 
paratus in  working  order  it  is  necessary  to  keep  the  glass 
and  balls  well  polished  by  robbing  with  a  cloth  and  a  little 
oil. 

The  recording  of  the  movement  is  ©(jually  simple.  To  the 
light  frame  is  attached  a  slender  rod  altout  ten  inches  long, 
bearing  at  its  end  a  cork  ;  piercing  this  cork  is  a  small  gla8S 
tube  and  in  the  tube  there  is  a  glass  rod  snugly  fitting  the 
tube  and  drawn  to  a  fine  poirft.  The  point  of  the  rod  traces 
the  movement  of  the  hand  with  great  accuracy,  and,  not 
being  rigidly  fixed,  can  accommodate  itself  to  all  irregularities 
of  movement  or  of  the  writing  surface.  A  piece  of  smoked 
paper  stretched  over  a  gltiss  plate,  npon  which  a  record  is 
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made,  and  a  large  soreen  to  prereot  the  subject  from  aeeim 
(be  reoordi  complete  tke  sppuatos.  This  mp^tirUas  eosbtea 
u  Id  raeord  all  Tnovement  in  Che  horlzoatal  plaaa,  mid,  iaaa- 
jBOcli  aa  itB  chief  purpose  is  to  write  slight  inTofaintevy  more- 
manto,  we  have  glTen  it  the  name  of  the  attfomaioffmph  and 
naj  apeak  of  sach  a  reoord  as  ao  au/omato^ram. 

The  type  of  an  experiment  is  the  foUoving.  The  safa}eci 
pKaeea  tbie  fiager-tips  of  his  ezleoded  right  hand  npos  tba 
jliw ;  be  is  tM  to  bold  the  arm  alfll  aad  par  no  atfcwition  to 
it.  He  is  asked  to  read  some  lines  or  eolors,  or  to  ooont  flJha 
beats  of  a  metroDoae ;  this  natoraUy  engages  his  tttf  tttwi 
Wheo  aU  ia  in  readiness  the  operator  drops  the  ^mm  rod  into 
IIm  tabe^  and  the  reeord  begina.  When  the  sabjeet  haa  been 
<»ocapied  in  this  way  for  a  mlnate  or  so.  we  hare,  as  a  mla, 
a  very  clear  record  of  the  direction  of  his  attention  in  the  an- 
tomatogram. 

In  order  to  have  a  test  by  which  to  compare  the  r^atire 
MDSibility  of  different  persons  for  movementB  of  this  ktad, 
ve  atnnged  to  have  a  number  of  persons  go  throng  a  seriea 
of  teats,  a  typical  result  of  each  of  which  will  be  fignred. 
Bach  experiment  occupied  from  abont  three-fourths  to  two 
wJBBfff,  and  when  possible  we  noted  the  progreas  of  the 
record  for  each  15  or  30  seconds. 

A  series  of  patches  of  color  5x20  mm.  were  placed  in  hori- 
zontal rows  on  a  vertical  wall  abont  ten  feet  distant.  The 
sabjeet  was  required  to  read  aloud  the  names  of  the  colors. 
Hie  general  tendency  is  for  the  hand  involnntarUy  to  more 
toward  the  colors  with  a  variable  degree  of  constancy,  rapid- 
ity and  directness.  An  average  result  is  shown  In  Fig.  30. 
We  bare  another  record,  lasting  bat  46  seconds,  bat  eovexing 
64  inches,  which  in  extent  and  directness  is  the  most  remark- 
able of  our  records.  The  appearance  of  the  line  is  similar  to 
that  of  Fig.  30,  but  with  several  points  at  which  the  line  is 
almost  directly  toward  the  colors. 
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were  read ;  the  first  one  from  left  to  right,  the  sei'ond  from 
right  to  left,  and  the  third  from  left  to  right ;  the  in  vol - 
□ntary  movemt^ut^  correnpond  to  the  movement  of  the  atten- 
tion, as  ia  vividly  shown  iu  Fig.  31. 


ria.  31. 


BmuMv  thTM  rom  o(  colon:  tba  momneata  cUmlj  foUowlDc  the  KttaBtloa.   Tin*. 

•%     These  are  certainly  striking  proofs  of  the  ease  with  which, 
in   sensitive  subjects,   the  hand    involontarily  follows  the 
movement  of  the  eye. 
A  second  teet  consists  in  substituting  the  reading  of  a 
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printed  page  for  the  colors  the  resalte  are  qnite  Bimilar. 
Fig.  32  represents  a  typical  result. 


FiQ    82.     >- 

Rc«dlii|i  from  A  printed  p&«e.    Time,  U  aecoodft. 

We  next  pass  on  to  cases  in  which  the  attention  is  directed 
to  80uuda.  We  set  going  a  metrononae,  and  ensnred  the 
subject's  attention  to  it  by  having  him  count  the  beats.  The 
usual  rate  was  140  strokes  per  minute.  Here,  again,  we  find 
two  tj'pes  of  involuntary  movement :  the  one  a  moving  to- 
ward the  sound,  represented  in  Pig.  33 ;  the  other  a  keep- 
ing time  with  the  beats,  not  accurately  at  all,  but  in  a  gen- 
eral way,   as   is  shown  in   Fig.   34.      When  we    consider 
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Oountiac  fltroke*  of  m«CroDOfnfr  at  140  p«r  mluiiM.    TlnM,  TO  Moo&ds.    Alto  lUuittmtes 
cUght  besttAtlon  before  moTnoient  towJirdR  nmtnmome  lie^uH. 


no.  u.   ^— 

OounUoic  itrokn  of  metronome.    Sbows  mOTemeota  to  aod  fro  wtcb  Cba  icrokM. 

how  strong  is  the  tendency  to  keep  time  to  enlivening  musiCr 
it  will  not  surprise  ns  that  we  are  able  to  record  these 
Blighter  and  more  unconscious  movements  to  simple  time 
beats.    We  frequently  performed  this  experiment  by  placing 
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the^metronome  6r8t  in  front  of,  and  then  behind  the  subject, 
andUh«i  conti-ast  between  the  direction  of  the  linea  is,  as  a  rule, 
quite  striking. 

We  recorded  a  similar  experiment  for  sight,  by  substitnting 
for  the  metronome  a  silently  ewinjpng  pendnlnm,  the  oscilla- 
tions of  which  were  to  be  counted.  Again  we  observe  the 
two  kinds  of  records^  the  second,  as  before,  Iwing  considera- 
bly less  frequent  than  the  first.  These  are  given  in  Fig.  36 
and  Fig.  36.     A  pair  of  i-ecords  derived  from  this  form  of  ei- 
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OoanciofT  oacUlktlotu  of  a  pendulum.    Ttnw,  4ft  secowU. 


ea^ 


t..  .r: 


»:-■■     ^^ 
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OMtnUnjr  peodulnm  o«eflUtlon8;  shows  movBn«flt«  to  uul  fro  wlUi  tb«  McllUUoo*. 
Time,  SOaecouita. 

periment  well  illustrates  the  extremes  of  rate  of  movement: 
one  subject  moved  11  inches  in  two  minutes,  another  Ig  inch 
in  the  same  time,  though  iu  both  cases  the  motion  was 
regularly  toward  the  point  of  attention,  the  swinging  pend- 
ulum. 

Our  next  experiment  appi-oiimates  closely  that  of  the  mus- 
cle reader.  We  direct**d  the  Hubject  to  bide  a  knife  at  some 
part  of  the  room  not  near  the  center,  and  immodiat4>ly  there- 
upon  took  a  record  upon   the  antomatograph,  the  subject 


Fio.  ».t. 
ThiokloK  of  A  buIldlBx  to  the  dlrectioo  of  A  to  Z.    Time,  130  aeconds. 

Thifl  does  not  exhaust  the  methods  of  attracting  the  atten- 
tion but  it  ilIu8tratoK  onr  chief  modes.  Heading  to  a  person 
from  diffei'ent  partH  of  the  room  is  often  Buceessful.  Quite  an 
interesting  form  consists  in  having  the  snbject's  attention 
ohonge  in  ttie  course  of  an  experiment  to  different  localities, 
as  by  having  him  read  from  a  book  carne<l  about  by  an 
assistant.  Such  a  result  is  nhown  in  Fig.  39,  in  which  we 
have  an  irregular  figure  closing  in  upon  itself  and  cleai'ly 
indt<'ating  the  circnlar  movement  of  the  book. 

Wo  often  succeeded  in  distracting  a  subject's  attention  by 
a  noise  In  another  portion  of  the  room,  the  hand  moving 
toward  the  source  of  the  noise.  We  also  recorded  the  invol- 
untm-y  start  Uiat  occurred  when  a  ball  was  snddently  dropped 
upon  the  floor. 

The  figures  given  will  sufficiently  iUostrate  the  nature  of 
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the  resnlta  obtainable  with  the  aid  of  our  aatomatoi^raph  and 
[it  remains  only  to  notice  a  few  general  points  regarding  them. 


Fig.  30.    1        J    BeadlDK  from  a  pace  moved  about  tn  a  drclr. 

It  vonld  be  intcresing  to  determine  by  this  method  the  rel- 
ative degrees  of  moBc-ular  accompaniment  for  these  different 
kinds  of  attention  ;  but  our  metliods  are  not  as  yet  snfficiently 
reiine<i  to  solve  this  problem  ;  the  result  seems  to  vary  with 
individuals  and  with  tbe  sense  organ  engage<i.  Ae  a  prelimi- 
nary result  it  may  be  worth  recording  that  a  number  of 
measurements  yielded  an  avemge  rate  of  movement  of 
about  two  inches  to  the  minute  toward  the  object  thought  of. 

Of  great  importance  is  the  nature  of  the  individual  diSer- 
enoes  in  these  experiments.  Our  normal  experience  would 
naturally  anticipate  a  difference  about  as  characteristic 
atleaBt  as  that  of  handwriting.  Any  minute  discussion  of 
the  point  would  be  obviously  premature,  but  in  general  it 
seems  posRible  to  arrange  these  differences  in  types.  We 
should  distinguish  l)etween  those  who  move  rapidly  and 
directly,  and  thone  who  move  slowly  and  circnitously  j 
between  tliose  in  whom  tbe  movement  quite  exactly  follows 
the  line  of  attention^  and  tliose  in  whom  it  does  so  only  ap- 
proximately or  irregularly.  Instances  of  such  distinctions 
have  ali'eady  been  indicat«d. 

We  add  Fig.  40,  which  may  be  contrasted,  in  regard  to  the 


no.  -40.       — >- 

ODonUnc  otcntatimm  of  a  peadnlutn.    l.  2,  »,  *  iadUjmle  tb«  polMi  SO,  ao,  PO  and  110 
■MOiKlB  after  the  »un.    'rime,  lao  teconda.  DluitraiM  imaU  and  ladlracCKj'pe  at  mova- 
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diaracter  of  the  curve  with  Fig.  31 ;  the  latter  shows  directness 
of  movement  and  ^^reat  extent,  the  tracing  rarely  becoming 
confused  by  the  hesitanry  of  the  subject,  while,  in  Vi^.  40, 
the  movement  is  slow  and  the  record  involved  by  continual 
retracings  of  the  path  of  movement.  Another  Important  dis- 
tinction relates  to  the  time  at  which  the  most  significant 
movements  occur,  and  mainly  whether  the  first  impulse  is 
toward  the  object  of  attention  followed  by  much  hesitation  of 
movement ;  or  whether  at  first  there  is  little  movement  fol- 
lowed, aftier  fatigue,  by  the  movement  determined  by  the  at- 
tention. We  have  many  more  of  the  former  type  than  of  the 
latter ;  one  of  the  former  is  presented  in  Fig.  41.     Figs.  33 


no.  41.  — >■ 

OouttUng;  tH«i«  of  mntroaome.    lUuittraUM  flnt  LmpuUM  toward  oh^eet  of  UtooUoo  fol< 
lowed  by  bealUtlon.    Titni^.  00  wMxittdk. 

and  ;i8  partly  illustrate  the  reverse  tendeni^.  We  might  fur- 
ther distinguish  between  those  subjects  who  show  the  direc- 
tion at  each  portion  of  the  tracing  and  those  who  show  it  only 
here  and  there. 

These  types  may  possibly  suggest  what  kinds  of  involnn- 
tary  movements  best  subserve  the  purposes  of  the  muscle 
reader ;  all  alike  illustrate  the  general  line  of  tendencies  which 
he  utilizes. 

A  very  natural  query  relates  to  the  possible  influence  of 
the  position  of  the  arm  and  body,  and  also  of  snch  other  fac- 
tors as  the  pulse  and  respiration  upon  the  chara<!ter  of  the 
tracing.  The  main  distinction  in  regard  to  the  position  is 
whether  the  arm  is  (I)  held  straight  out  from  the  shoulder  in  a 
line  with  the  trunk,  or  (2)  at  90"  from  this  position,  or  (3)  in 
an  interm*Hliat«  position.  In  the  first  of  these,  movements 
toward  the  front  are  obviously  easier  to  make  than  move- 
ments toward  the  rear,  and  in  both  (1)  and  (2)  movements 
toward  the  body  are  easier  than  those  away  from  the  body. 
By  changing  the  position  of  the  object  to  which  the  attention 
was  given,  we  could  thus  favor  or  interfere  with  the  tendency 
to  iuvolunUiry  movement  in  certain  direi-'tiona.  In  our  ex- 
periments, we  allowed  the  subject  to  at^sume  a  natural  and 
comfortable  position,  which  was  usually  an  Intermediate  one, 


with  the  arm  not  (ally  extended.  This  position  allows  move- 
ment in  all  directions,  though  it  is  still  true  that  movements 
toward  the  front  and  towaixl  the  body  are  favored  above  move- 
ments toward  the  rear  and  away  from  tlie  body.  The  direc- 
tion of  tiie  attention  is  thus  sometimes  partially  obliterated  in 
some  subjects,  but  in  most  of  them  it  appears  in  spite  of  this 
tendency.  This  factor  deserves  a  more  special  investigation. 
While  respiration  may  have  some  effect,  we  are  inclined  to 
rejcard  it  as  very  small,  and  the  pulse  as  not  entering  into  con- 
sideration at  all ;  for,  in  order  to  get  the  tracing  of  pulse  and 
respiration  (by  other  apparatus)  with  equal  distinctness,  we 
had  to  magnify  them  very  considerably. 

The  question  of  the  precise  significance  of  these  movements 
is  largely  dependent  in  the  testimony  of  the  subjects.  While 
there  are  individual  difiereuces  in  this  as  in  all  other  respects, 
the  consensus  of  the  verdicU  might  l^e  thus  expressed:  at 
times  we  become  aware  that  our  hand  has  moved,  but  rarely 
of  the  direction  of  its  movement  ^  the  movements  are  some- 
times unconscious  but  always  involuntary,  there  is  often 
great  surprise  at  the  result.  The  one  objective  test  we  could 
apply  was  to  intentionally  simulate  these  movementa  and  the 
result  was  measurably  diSerent  from  the  genuine  involuntary 
record. 

It  is  hardly  necessary  to  enlarge  npon  the  bearings  of  those 
experiments  upon  the  processes  of  muscle  reading  and 
kindred  phenomena.  They  indicate  the  close  conne<rtion  of 
mind  and  muscle,  and  in  demonstrating  the  extent  of  record- 
able automatic  movements,  snggest  the  many  other  and 
subtler  means  by  which  we  may  give  to  others  some  notion  of 
what  is  going  on  in  oar  own  minds. 

Obsebvatiokb  on  the  Absence  of  the  Sense  of  Shelx. 

(With  the  assistance  of  Theodore  Kkonsuaoe.) 

The  subject  of  our  ol>servations  is  a  Mr.  K.,  age<l  21  years, 
a  student  of  this  University,  who  is  deprive<l  of  all  the  sense 
of  smell.  The  defect  is  probably  congenital  and  of  nervona 
origin.  As  Mr.  E's.  knowledge  of  his  defe<l  wasd«'nied  from 
such  occasions  as  would  occur  in  every-  day  life,  our  first  step 
was  to  test  the  degree  and  extent  of  th  e  anosmia.  We  ap- 
proached various  substances  to  his  nose  asking  him  to  inhale 
them  and  report  the  resnit ;  we  tried  in  this  way  strong  liquid 
solutions  of  wintergrecn,  bitter  almonds*  ether,  alcohol, 
ammonia,  cinnamon,  camphor,  etc.  Camphor  produced  vi;ry 
slight  if  any  sensation  and  tlie  same  is  true  of  wintergreen 
and  cinnamon.  Bitter  almonds,  ether,  and  most  markeilly 
ammonia,  produced  a  sharp,  more  or  less  stinging  sensation 
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in  the  nose.  Alcohol  was  described  as  aweetfah  like  per- 
fnmefl.  We  next  tried  several  substances  in  pairs  to  deter- 
mine how  far,  when  first  told  which  was  which  (not  by  name 
bat  by  calling  one  A  and  the  other  B),  he  could  distingmah 
between  them,  and,  as  a  check  against  nnoousciouH  biaSf  ex- 
periments in  which  one  of  the  pair  was  distilled  water  were 
introduced.  This  precaution  was  quite  necessary^  for  it 
happened  that  when  bitter  almonds  and  water  were  compared 
in  this  way  he  mistook  them  three  times  in  five  trials,  thongh 
profeaaing  te  get  some  sensation  from  the  bitter  almonds  when 
presented  alone.  The  water,  however,  was  frequently 
recognized  by  its  entire  absence  of  any  sensation  of  smell. 
Such  distinctions  therefore  as  are  jterceired  by  him  are  by  no 
means  altogether  clear.  With  the  pair,  ether  and  water^ 
eleven  trials  resuUM  in  eleven  correct  answers,  the  point  of 
diHtinttion  being  that  "ether  opens  up  the  throat  like  pep- 
permint." With  wintergreen  and  bitter  almond,  the  latter 
yielding  the  distinctive  efiect,  there  were  only  3  errors  in  IS 
trials.  With  ether  and  ammonia  both  giving  decided  sensa- 
tions bnt  of  somewhat  different  nature  there  were  2  errors  in 
8  cases ;  this  may  however  have  been  due  to  over  stimula- 
tion, as  the  substances  used  were  so  strong  that  neither  of  ua 
could  take  them  to  the  nose  with  comfort.  Ammonia  was 
described  as  immediately  aSecting  the  nose,  ether  as  going 
back  to  the  throat  and  affecting  it.  With  wint4!rpre<?n  and 
cinnamon,  neithei  yielding  any  definite  sensation  the  result 
proved  to  be  mere  guesswork,  and  the  same  is  true  of  cinna- 
mon and  camphor. 

Inasmuch  as  the  sensation  arising  from  the  inhalation  of 
alcohol  was  described  as  similar  to  that  of  perfumes  (alcohol 
being  an  ingredient  of  these)  we  ascertained  how  far  the  pres- 
ence or  alienee  of  alcohol  could  serve  as  a  moans  of  confu- 
sion or  indentification  of  substances.  We  made  a  strong 
solution  of  wintei-green  and  of  cinnamon  in  alcohol,  and  from 
each  of  tliese  Mr.  E.  obtained  a  similar  but  pronounced  effect. 
The  attempt  to  distinguish  betwin^n  the  two,  however,  resulted 
in  as  many  failures  as  successes.  We  next  compared  pure 
alcohol  with  wintergreen  dissolved  in  alcohol,  and  no  diSer- 
,  ence  except  of  intensity  was  observed.  To  complete  the 
proof  we  made  a  solution  of  wintergreen  in  water  and  in 
alcohol.  The  latter  gave  a  distinct  sensation,  the  former 
almost  nothing.  In  all  the  eight  trials  the  two  were  correctly 
distinguished. 

The  next  point  tested  was  whether  distinctions  of  intensity 
witJiin  a  perceived  range  of  sensations  were  obtained.  We 
tried  strong  and  weak  alcohol  with  the  result  that  in  all 
cases  (eight)   they  were  correctly  distingnished  from  one 
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another ;  the  senBation  was  described  as  a  "sweetish  taste  in 
the  mouth.'' 

In  the  above  reaulta  indications  were  given  that  Mr.  E.  was 
less  than  normally  sensitive  to  irritants.  To  measure  this 
diffei-ence  we  determinod  how  many  drops  of  very  strong 
ammonia  must  be  added  to  100  co.  of  water  (1)  to  produce  a 
sensation,  (2)  to  make  it  objectionably  strong.  We  obtained 
the  characteristic  efiect  with  but  one  drop  in  200  vc.  and  even 
one  in  300  cc;  whUe  Mr.  E.  needed  2  drops  in  100  cc.  Eight 
drops  in  100  cc.  made  it  very  objectionable  to  us,  bat  he  said 
it  was  like  some  perfumes,  and  it  took  23  U>  25  drops  to  pro- 
duce an  objectionably  strong  sensation. 

We  next  tested  the  sense  of  taste.  A  preliminary  survey 
served  to  show  that  the  sense  was  present  and  presumably  in 
a  normal  degree.  To  complete  the  test  wo  compartnl  his  taste 
with  ours  for  sugar,  acetic  acid  and  quinine.  We  found 
about  the  same  measure  of  sensitiveness  for  Mr.  E.  and  for 
us ;  and  found  nothing  differing  from  the  normal  in  any 
respect. 

We  proceeded  to  investigate  those  znixtures  of  smells  and 
tastes,  which  make  up  most  of  the  sensations  obtained  during 
eating.  We  took  the  ordinary  flavoring  syrups  of  commerce, 
lemon,  vanilla,  currant,  orange,  strawberry  and  raspberry. 
From  all  these  Mr.  E.  obtained  only  a  general  sweetish  sen- 
sation with  110  distinction  between  them  except  from  the 
lemon  which  was  in  the  main  distinguished  by  the  mixture  of 
sweet  and  sonr.  He  could  in  part  tell  them  by  their  different 
degrees  of  sweetnees,  but  when  presented  in  proportions  in 
which  they  seemed  to  us  eqnally  sweet  all  distinctions  were 
impossible  to  him.  The  tests  showed  as  many  wrong  as 
right  answeiiit.  It  so  happened  that  some  of  these  substances 
fermented  and  these  he  could  at  once  detect  as  different  from 
tlie  others  an<l  also  the  more  fermented  ones  from  the  less  so. 
A  series  of  candies  with  some  of  the  above  flavors  yielded 
corrol)oratiDg  results.  It  should  be  understood  that  all  these 
substances  were  tasted. 

Next,  a  series  of  spices  was  tried  with  the  following 
results : 

Mustard;  a  sharp  sensation  on  the  end  of  the  tongne ;  not 
recognized. 

Pepper;  same  effect  bnt  stronger. 

Qoffee;  not  recognized,  a  slight  taste. 

Cxnnamon;  recognized,  sweet  and  sharp. 

Broma;  sweet. 

Cloves:  recognized,  taste  distinct  but  not  describable. 

Thyme;  sharp,  bitter,  something  like  cloves. 

Tea  ;  no  effect  at  all. 
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Anise;  sharp,  bitter,  onpleasaDt. 

Caraway  iieed:  mild,  sweetish,  and  salt. 

Ginger;  not  recognized,  bams. 

Mnrttard  Sted;  bams  decidedly. 

Citron;  recognized  by  its  feeling  on  the  ton^e,  sweet. 

In  brief  some  were  recognized  by  secondary  qualities,  but 
those  that  we  recognize  by  flavor  were  not  differentiated.  A 
separato  series  was  tried  with  tea  and  collee,  and  one  with 
ginger  and  cloves.  Neither  of  either  pair  was  distinguished 
from  the  other  ;  the  latter  were  both  called  sharp  bat  with  no 
distinetion  between  them. 

We  also  tested  Mr.  E.'s  temperature  sense,  at  about  16% 
30""  and  60"  B.  At  all  these  points  his  sensibility  was  as 
good  as  oars,  difierences  of  1'^  being  everywhere  recognized. 
The  test  was  made  by  taking  a  mouthful  of  water  heated  to 
the  required  temperature  and  then  throwing  it  out. 

The  great  importance  of  these  observations  lies  in  the 
analysis  they  enable  us  to  make  of  the  complex  of  sensations 
obtained  in  the  month  and  nose.  In  Mr.  E.'s  case  taste  is 
normal,  the  temperature  sense  is  normal,  the  tactile  sensi- 
bility is  present  (thongh  at  far  as  irritants  are  concerneil,  to  a 
diminished  extent,)  while  smell  alone  is  absent.  Accordingly 
we  may  conclude  that  stich  distinctions  as  Mr.  E.  fails  to 
make  are  in  us  due  to  the  sense  of  smell,  and  such  ae  he 
makes  are  due  to  other  senses.  The  rtsuUs  coyidusively  nhow 
that  a  great  mamj  of  the  mouth -serimtionSj  whicft  we  ordin- 
arily speak  of  09  tasites,  are  really  due  to  smell.  The  distinc- 
tion's between  tea  and  coffee,  between  all  the  various  flavors 
that  make  the  difference  between  candies  and  sugar,  between 
various  syrups  and  so  on — all  these  are  lost.  That  the 
absence  of  marked  sensations  during  eating  should  lead  to  a 
relative  noglect  of  such  sensations  is  natural ;  Mr.  E.  is  jM^r- 
haps  on  this  a<'coHnt  less  sensitive  to  otJier  month  sensations. 

Mr.  E.'s  defect  was  obsei-ved  by  members  of  his  family  as 
soon  as  the  sense  of  smell  could  be  l^t^ted.  He  has  no  recol- 
lection of  ever  having  8melle<l  and  his  family  a^rr*'*  that  he 
never  gave  evidence  of  snch  sensation.  It  is  certain  that  he 
could  not  smell  when  a  very  small  boy.  He  gets  no  sensa- 
tions from  flowers,  perceives  no  diffei-ence  iu  the  taste  of  his 
foo^i  when  afflictwi  with  a  cold,  and  observes  no  distinctions 
in  tbe  various  kinds  of  sweet  things  of  which  he  is  fond.  He 
perceives  no  distinction  between  teji,  coffee,  and  hot  water 
flavored  with  milk  and  sugar  and  has  come  to  take  the  latter 
as  hia  everyday  drink. 

Mr.  E.'b  case  is  especially  interesting  because  his  mother 
has  a  similar  defect.  Mrs.  E.  however  at  one  time  possessed 
the  sense  of  smell  and  distinctly  remembers   the   sensations 
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derived  from  odors  and  her  uHe  of  odorous  Hubstaaces.  She 
seems  to  have  lost  the  sense  when  about  13  or  14  years  of  age. 
It  IB  definitely  established  that  she  is  the  first  and  only  one 
of  her  family  or  her  husband- e  family  to  show  this  defect. 
Bhe  has  two  sons  and  two  daughters  besides  Mr.  E.,  all  of 
whom  are  normal  as  regards  the  sense  of  smell.  Some  of  the 
more  typical  experiments  performed  upon  Mr.  E.  were  also 
tried  by  Mrs.  E.  with  strongly  corroborative  results.  Am- 
monia alone  had  a  marked  effect ;  the  same  confusions  were 
made  by  Mrs.  £.  as  by  her  son.  Bhe  is  likewise  deficient  in 
distinguishing  **  by  taste"  between  flavoring  extracts  and 
similar  substances. 

CLASaiFICATION    TlME. 

(With  the  aaaUtaace  of  Qboroe  W.  Moorebodse,  Fellow  la  Piy- 
cbology,  and  SIildbed  Uabper.) 

An  extremely  frequent  and  important  mental  process  con- 
sists in  the  reference  of  some  item  of  knowledge  to  some 
familiar  class.  The  assimilation  of  knowledge  involves  the 
appreiriatiou  of  the  relation  of  the  now  fact  to  the  general 
body  of  acquired  knowledge.  In  order  to  maintain  in  an 
orderly  and  a<;«*8sible  form  our  mental  acxiuisitions  it  is  nec- 
essary to  view  each  item  of  information  as  belonging  to  such 
and  such  classes.  Psychologists  have  variously  analyzed 
this  process  ;  some  express  their  views  by  picturing  the  mind 
as  possessing  a  number  of  apperceptive  instruments  and  using 
now  one  and  now  another  of  these  according  to  the  nature  of 
the  object  to  be  assimilatetl,  or,  again,  as  a  series  of  lanterns 
eai'h  of  which  has  itti  own  focus  and  field  of  illumination, 
However  we  may  view  the  process  it  is  clearly  essential  to  the 
acquisition  of  knowledge,  and  it  is  strange  that  the  study  of 
the  time-relations  of  this  process  has  been  hitherto  so  largely 
overlooked.  The  present  coutribulion  considers  the  time  of  a 
special  form  of  such  dasHification. 

As  a  distinctive  and  readily  studied  form  of  such  reaction 
we  selected  the  reference  of  a  common  word  to  its  grammati- 
cal class.  We  further  limited  the  problem  by  selecting  the  fol- 
lowing ten  nouns,  ten  verbs  and  ten  adjectives  and  confining 
our  reactions  to  calling  the  proper  part  of  H]MM>('h  to  which 
one  of  these  words  IHonged  :  house,  cat,  t)Ook,  ship,  ant,  sun, 
lake,  doll,  man,  girl;  push,  havu.  cut,  mix,  go,  die,  look,  sit, 
jump,  touch;  tough,  wet,  good,  blue,  low,  Iwd,  high,  thin, 
hot,  black. 

These  words  were  chosen  as  familiar,  distinctive  and  mono- 
sylabic  representatives  of  their  classes.  The  full  list  of  words 
which  he  might  be  called  upon  to  classify  was  always  read  to 
the  subject  l^fore  each  kind  of  experiment.     We  reacted  to  a 
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Bpoken  word  by  a  spoken  word.  The  apparatus  by  which 
this  was  accomplished  consisted  of  a  bit  of  wood  held  between 
the  teeth  connected  with  one  arm  of  a  lever  the  other  arm  of 
which  bore  a  metallic  point  for  electrical  contact.  A  spring 
connected  with  the  lever  tended  to  pnll  the  bit  from  between 
the  teeth,  and  according  to  the  adjustment  to  make  or  break 
an  electric  circuit.  Both  subject  and  obser^'cr  used  an  instu- 
ment  of  this  kind,  the  in8traraent.s  being  so  connected  with 
the  chronoscdpe  that  the  release  of  the  bit  from  the  mouth 
of  the  observer  started,  and  a  similar  action  from  the  subject 
stoppe*!  it.  The  necessary  act  of  separating  the  teeth  that 
accompanies  articulation  is  here  taken  as  the  point  of  measure- 
ment. The  apparatus  is  fairly  sadsfactry,  and  so  long  as  the 
results  are  used  mainly  for  relative  purposes  the  error  in- 
volved in  Ms  use  may  be  neglected.  A  perfect  apparatus 
whereby  the  utterance  of  a  word  will  start  or  stop  a  chrono- 
scope  is  still  a  desideratum. 

The  entire  process  may  be  viewed  as  consisting  of  the  fol- 
lowing steps :  (1)  the  hearing  of  the  sound  uttered,  (2)  the 
recognition  of  the  word,  (3)  the  reference  of  the  word  to  its 
class,  (4)  the  summoniag  of  the  term  describing  that  class, 
(6)  the  muscular  innervation  accompanying  the  utterance  of 
the  term.  In  order  to  determine  the  time  of  the  purely  men- 
tal process  involved  in  expressing  the  fact  that  a  certain  one 
of  ten  words  is  a  noun,  or  verb,  or  adjective,  it  was  necessary 
to  measure  separately  the  time  of  the  mechanical  steps.  The 
simple  reaction  involved  evidently  consists  of  steps  (1)  and 
(6).  This  time  for  each  of  the  three  subjects  we  found  to  be 
190<^,  195'T  and  19!>"  respectively.  It  is  naturally  somewhat 
long  for  a  simple  reaction  because  the  muscular  contractions 
by  which  it  is  signalled  that  the  impression  has  been  received 
are  complicated,  and  because  the  moment  at  which  the  chrono- 
scope  starts  may  slightly  precede  that  at  which  the  sound- 
wave reaches  the  subject's  tympanum.  In  all  these  simple 
reactions  both  observer  and  subject  used  what  seemed  to  be 
the  easiest  vocal  utterance ;  it  consisted  of  a  violent  expira- 
tion, the  result  resembling  the  sound  eh. 

We  further  need  in  order  to  measure  step  (3)  in  which  we 
are  particularly  interested  a  process  involving  steps  (2)  and 
(4)  as  well  as  the  simple  reaction.  It  seemed  impossible  to 
devise  any  simple  process  of  the  kind,  but  the  process  of 
repeating  a  word  sufficiently  approximates  it  for  our  present 
purpose.  This  process  clearly  involves  in  addition  to  the 
simple  reaction,  the  recognition  of  a  word  and  the  summoning 
and  utterance  of  a  word.  The  only  <iue8tion  would  be  whether 
the  summoning  of  a  term  denoting  a  grammatical  class  is  of 
equal  difficulty  with  the  repetition  of  a  recognized  word,  but 
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as  both  are  very  familiar  and  somewhat  mechaDical  prooeeses, 
their  time  relatious  CAn  hardly  be  very  diflerent.  The  repeti- 
tion  time  for  the  three  subjects  was  as  follows :  SOTi^f  280", 
533''. 

The  eiperimente  in  which  words  were  referred  to  grammati- 
cal classes  were  of  the  following  kinds  :  (1)  the  subject  was 
I  to  tell  whether  the  word  was  a  noun  or  verb ;  (2)  Uie  same 
distinction  regarding  nonns  and  adjectives;  (3)  the  same 
distinction  i-eganling  verbs  and  adjectives;  (4)  the  same  dis- 
tinction re^rding  nonns,  verbs  and  adjectives.  Experiments 
are  (i^ouiwd  in  sets  of  twenty  each.  In  fact  from  22  to  25  ob- 
servations were  taken  and  those  most  divergent  from  the 
average  of  all  were  disc-arded  until  20  were  left.  A  new 
average  of  these  20  was  entered.  The  following  table  gives 
lor  each  of  the  three  subjects  the  average  time  of  the  several 
reactions  together  with  the  number  of  »et»  of  which  it  is  the 
average. 
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Combining  the  results  of  the  three  observers  we  obtain  as 
the  result  the  fact  that  with  a  reaction  time  of  195<^,  and  a 
repetition  time  of  327<f^  it  takes  GOS*^  to  determine  whether  one 
of  a  set  of  words  belongs  to  one  or  the  other  of  two  grammati- 
cal classes  (the  mental  portion  of  this  .process  consuming 
276<^),  and  that  it  takes  645'^  to  refer  a  word  to  one  of  three 
grammatical  classes. 

It  hanily  seemed  worth  while  to  calculate  the  mean  varia- 
tion of  thcHC  obser^'ations,  but  to  satisfy  ourselves  regarding 
the  regularity  of  the  results  we  calculated  it  for  the  three 
most  typical  sets  under  each  kind  of  reaction.     Expressing 
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the  mean  variation  for  these  three  sets  as  a  percentage  of  the 
geneml  average  time  for  the  kind  of  reaction,  we  obtain  the 
following  table. 
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This  table  indicates  a  very  fair  decree  of  i*egularity  with 
the  exception  that,  markedly  in  the  case  of  M.  h.  H.,  and  to 
some  extent  in  the  case  of  O.  W.  M.,  the  variation  for  the 
simple  reaction  is  large.  Tliis  is  clearly  due  to  the  fact  that 
experimentation  l>egan  with  the  simple  reaction  alone  so  that 
this  variation  indicates  absence  of  practice  in  reaction  work. 

The  results  are,  however,  effected  by  inequalities  of 
practice.  This  is  particularly  true  of  the  time  for  'Noun- 
Verb- Adjective'  distinctions  which  observations  were  made 
last  and  were  therefore  most  l>enefitted  by  the  practice 
gained  in  the  former  distinctions.  It  is  probable,  therefore, 
that  the  difference  in  time,  ■12'^  I>etweeu  the  two  pj-occsses  is 
too  small.  This  appears  more  clearly  in  considering  the  i-e- 
snlts  for  each  subject.  For  J.  J.,  who  began  with  most  prac- 
tice in  this  kind  of  observation  and  whose  time  for  the  three 
classes  of  distinction,  *Noun-Verb,'  'Noun- Adjective'  and 
*Verb- Adjective,' show  greatest  constancy,  the  difference  in 
question  is  largest,  71<^.  For  G.  "W.  M.,  who  began  with 
some  practice  in  reaction  experiments  the  difference  is  inter- 
mediate, 43",  and  would  be  greater  were  it  not  for  the  special 
and  temporary  difficulty  he  encountered  in  distinguishing 
verbs  from  adjectives,  the  diffei*en(re  l>etween  the  average  of 
the  'Noun- Verb'  and  'Noun-Adjective'  and  the  *Noun-Verb- 
Adjective'  being  likewise  71".  While  for  M.  L.  H.,  who 
began  with  no  practice  and  showed  steadily  decreasing  time 
for  each  successive  kind  of  reaction  attempted,  the  difference 
in  qneetion  is  but  12°.     It  is  probable  then  that  the  time 
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for  J.  J.,  lify  is  a  more  typical  result  than  the  gcneial  aver- 
age, 42*. 

The  relative  diffionlfcy  of  the  three  pairs  of  diatiactioQR, 
'Noun-Verb,'  'Noun- Adjective'  and  'Verb-Adjective'  proba- 
bly varies  with  different  individuals ;  in  the  present  study  it 
is  also  affected  by  differences  of  practice;  on  the  whole,  how- 
ever, our  results  favor  (iie  view  that  the  three  are  of  practi- 
cally equal  difficulty. 

The  increase  in  time  in  passing  from  two  distinctions  t« 
three  is  an  interesting  Uluatration  of  the  effect  of  the  mental 
attitude  on  reaction  times.  The  process  involved  is  the 
same  in  both  cases,  to  decide,  for  example,  that  man  is  a 
noun,  bnt  this  decision  requires  more  time  when  the  word  in 
question  may  l)elonjj  to  one  of  three  grammatical  cJasses  than 
when  it  may  Ijclong  to  one  of  ouly  two.  Our  results  indicate 
that  all  of  these  processes  are  quite  complicated  and  that 
their  time-relations  depend  upon  the  accessibility  of  very 
familiar  items  of  knowledge. 

Regarding  possible  differences  between  the  several  words, 
they  may  vary  with  individuals  ;  extended  results  would 
l»e  needed  to  clearly  show  their  existence.  It  is  interesting, 
however,  to  observe  that  taking  the  average  reaction  of  each 
word  in  all  the  three  kinds  in  which  it  occurs  we  find  among 
nouns  "ship'-  was  most  quickly  classified  by  all  three  sub- 
jects;  another  easy  word  was  *' man";  especially  difficult 
nouns  that  were  "doll,*  "ant"  and  "cat";  among  verV>s  "sit," 
"jump"  and  "go"  were  relatively  easy,  "have'*  and  *'cut" 
relatively  difficult ;  among  the  adjectives  "good"  was  par- 
ticxilarly  easy,  •*wet'*  and  "blue"  fairly  so,  "high"  particu- 
larly diflicnit,  **l>ad"  and  "hot"  fairly  so.  It  should  l>e 
noted,  too,  that  this  difficulty  may  in  part  be  due  to  diflBcul- 
ties  of  recognition  and  pronunciation. 

FlNDINU-TlMB. 

(With     the    aftnistaace    of    Wimikreid    Sercombe    sod    LUCT    If. 
CiiUKcniix,  [Mrs.  Fhank  T.  Bamiwim].) 

We  have  employed  the  term  ■*  finding-time  "  to  denote  the 
time  occupied  in  the  process  of  findinfi  a  given  object  witliin 
a  given  field  ;  we  recognize  with  what  different  facility  and 
rai)idity  different  persons  perform  such  tasks,  and  even  in  the 
same  individual  tJie  time  is  subject  to  variation.  We  have 
all  experienced  the  difficulty  of  finding  an  object  even  when 
it  is  plainly  in  sight,  and  have  woudennl  at  the  long  time 
necessary  to  find  a  quotation  in  a  volume  and  the  like.  In 
this  process  we  carry  with  us  a  mental  picture  of  the  object 
sought  aud  we  react  when  the  subjective  correspoods  to  the 
objective  picture.  The  ability  to  recognize  one  **' 
of  objects  as  the  one  desired  is  certainly  a  n 
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may  perhaps  be  a  convenient  test  of  mental  alertnesa.  It  is^ 
this  process  that  we  desirt*d  to  study  and  (o  measure.  The 
diflScnlty  of  finding  an  object  varies  with  several  factors,  th© 
most  important  of  which  may  l>e  thus  summarized  :  (1)  the 
number  of  objects  amongst  which  one  is  sought;  (2)  the 
nature  of  the  object;  (3)  the  minuteness  or  complexity  of  the 
differences  by  which  Uie  one  object  is  distingoishod  from  the 
others  ;  (4)  the  degree  of  probability  (which  may  amount  to 
certainty)  that  the  object  sought  is  within  the  given  area. 

In  onr  study  the  objects  sought  were  the  letters  of  the 
alphabet ;  the  method  of  finding  them  was  as  follows  :  The 
letters  (plain  capitals  about  4  dioptxics  or  in  the  average  6.5- 
mm.  square  and  very  closely  conforming  to  the  Kuellt^n  typesy 
were  gummed  on  a  card  which  was  in  turn  fastened  on  a 
block,  and  were  seen  through  square  openings  in  a  black, 
screen.  These  openings,  25  in  number,  were  11  mm.  sqoaie 
and'were  each  separated  by  19.5  mm,  above  and  below  and  to 
each  side  from  the  neighboring  opening ;  this  screen  was  laid! 
on  a  glass  plate  mounted  in  a  square  frame  that  slipped  over 
the  block  and  (inside)  was  altout  15  mm.  larger  ea<^h  way 
than  the  block.  The  block  contained  four  alphabets  distrib- 
uted by  a  chance  arrangement,  and  according  as  the  frame 
was  moved  to  the  upper  left  hand,  the  upper  right  hand,  the 
lower  right  hand,  or  the  lower  left  hand  corner,  one  or  an- 
other of  these  alphabets  was  seen  through  the  openings  in  the 
screen.  The  arrangement  may  be  made  clear  by  reference  to 
the  letters  below.  Here  each  different  kind  of  type  repre- 
sents an  alphabet  and  it  will  be  clear  from  this  how  a  simple 
movement  was  sufficient  to  bring  to  view  through  the  openings 
in  the  screen  another  alphabet.  In  the  original  all  the  letters 
are  of  course  alike,  and  distributed  by  a  chance  arrangement. 
Connected  with  the  frame  by  means  of  two  iron  uprights  was 
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a  head  piece  similar  to  that  of  a  Btereoscope  against  which 
the  Eiibject  rested  bis  head  and  through  two  openings  in 
which  he  viewed  the  letters.  Across  these  openings  is  a 
hard-rubber  flap  which  may  be  qnickly  withdrawn  by  bring- 
ing into  action  a  strong  spring.  As  this  flap  opens  it  closes 
an  electric  circuit  and  thus  start*  the  chronoscope. ' 

An  observation  was  conducted  as  follows  :  the  frame  is 
set  for  a  certain  alphabet;  the  operator  announccH  the  letter 
to  be  found  (this  also  serves  as  a  signal)  and  shortly  there- 
after he  pulls  a  cord  releasing  the  spring  and  allowing  the 
subject  a  view  of  the  letters.  As  soon  as  the  desired  letter 
is  seen  the  subject  presses  a  key  and  stops  the  chronoscoiw. 
To  test  whether  the  subject  knows  where  the  letter  is  situated 
he  keeps  a  record  of  each  answer.  The  positions  were  indicated 
by  lettering  the  double  rows  A,  B,  C,  D,  E.  and  the  columns 
If  2,  3,  4,  5,  so  that  Al  would  indicate  the  upper  left-hand 
corner.  D5  the  lower  right  hand  comer  and  C3  the  centre 
letter.  In  the  first  experiments  25  letters  were  thus  shown 
(Q  was  omitte<l),  but  this  could  be  reduced  to  a  four-square 
(16  letters)  by  covering  over  either  the  row  A  or  E  together 
with  either  column  1  or  6.  Throughout  the  experiments  ex- 
cept when  distinctly  stated  otherwise^  the  subject  was  assured 
that  the  letter  sought  was  present. 

The  following  table  represents  our  average  resoltB  for  the 
'three  observers  separately  and  together. 
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The  numbers  In  parentheses  indicate  the  number  of  sets  of 
20  observations  from  which  each  average  wa«  derived ;  the 

'  The  eftflentlal  fvfttnres  of  thin  spparatat  m  wfU  as  of  the  problem 
Investtj^ted  were  saggetted  by  Prof.  Q.  Stanley  Hall  aod  were  elabor- 
ated Id  coDjuactlOQ  with  bim  at  Johns  Hopklai  University  some  years 
ago. 
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other  numbers  repreuent  the  average  times  in  '^=,001  second. 
We  see  that  it  took  on  the  average  569''  to  find  one  of  25 
letters  and  3S1<^  to  find  one  of  16  letters.  The  process  is 
thns  quite  complicatod  and  is  very  difficult  at  first,  the  stage 
of  initial  practice  being  quite  marked  and  the  first  few  sets 
yielding  very  long  times.  Considerable  of  this  time  is  con- 
sumed in  the  process  of  accommodating  the  eyes  to  the  plane 
of  the  letters  and  bringing  them  clearly  into  view.  We  con- 
sidered that  this  time  would  be  measured  by  measuring  the 
time  needed  to  see  what  letter  occupied  a  certain  positiou 
amongst  the  twenty-five.  Instead  of  calling  a  letter  and  react- 
ing when  ita  position  was  seen,  a  position  was  called,  for 
exami»Ie  Al,  03.  etc..  and  the  subject  reat^ted  when  the  letter 
occupying  that  position  wa.s  recognized.  The  subject  here 
knows  just  where  to  look  and,  although  this  time  includes  the 
recognition  of  the  letter  as  well,  we  should  remember  that  it 
is  probably  fair  to  exclude  this  element  from  the  time  of  find- 
ing letters,  the  finding  time  strictly  applying  only  to  the 
process  of  search.  While  therefore  only  an  approximate 
elimination  of  tlie  mechanical  process  is  obtained  by  sub* 
tracting  the  **  placing  time "'  (as  we  shall  call  this  latter  step) 
from  &e  "finding-time,''  yet  this  diflerence  very  fairly 
represents  the  distinctive  part  of  the  finding  process  and  is 
remarkably  alike  in  tlie  three  subjet^ts,  273o,  275"  and  285". 

The  effect  of  the  number  of  objects  amongst  which  one  is  to 
be  sought,  and  of  the  larger  field  is  illustrated  in  the  difference 
of  time  between  finding  one  out  of  16  and  one  out  of  26 
letters ;  this  is  on  the  average  188<t  and  in  the  individuals 
le^tf,  183"  and  212'^.  The  ratio  of  the  times  to  find  one  out  of 
25  and  one  out  of  16  letters  thus  increases  in  the  proportion 
of  1.55  to  1  which  is  just  the  ratio  of  25  to  16. 

In  ''placing''  a  letter,  that  is,  in  recognizing  what  letter 
occupies  a  certain  position,  it  is  obvious  that  the  time  should 
he  little,  if  at  all,  affected  by  the  number  of  places,  and  the 
slight  difference  between  the  values  found  for  placing  one  of 
16  or  one  of  25  letters,  1*00",  and  291'^  is  probably  due  to  the 
fact  that  the  former  sets  represent  a  more  advanced  stage  of 
practice  than  the  latter. 

The  next  variation  presents  an  interesting  difference ;  IS 
letters  are  present  and,  as  before,  these  change  with  every  ob- 
servation, but  instead  of  calling  only  for  those  letters  that  are 
present,  any  one  of  the  25  letters  may  be  called  for,  and  If  not 
present  the  subject  reacts  as  soon  as  be  is  convinced  of  its 
absence.  The  average  result  of  all  the  experiments  per- 
formed in  this  manner  is  775° ;  this,  however,  is  not  as  signif- 
icant as  the  result  wo  obtain  by  considering  separately  those 
cases  in  which  the  letter  to  be  found  was  present  and  those 


cascH  in  which  it  was  at>8ent.  That  it  should  take  longer  to 
go  through  a  series  of  16  letters  and  determine  that  a  certain 
one  is  absent,  than  to  determine  its  pre-eence,  is  to  be  expected; 
the  difference  is  certainly  great  whether  we  compare  it  with  the 
finding  time  of  one  of  25  lettern  or  more  properly  with  the  find- 
ing time  of  one  of  16  letters.  It  takes  671^^  longer,  or  2j^  times 
as  long,  to  determine  that  a  given  letter  is  not  iimong  a  group 
of  16  than  to  find  it  if  it  ih  pi-esent.  But  while  it  takes  381(t  to 
find  one  of  16  letters  when  the  subject  knows  it  is  there,  it 
takes  693^'  to  perform  precisely  the  same  process  when  there 
is  a  chance  (strictly  when  there  are  36  chances  in  a  100)  that 
tlie  letter  he  is  seeking  may  be  at>sent.  This  result  most 
strikingly  illustrates  the  effect  of  the  fore- knowledge  of  the 
subject  upon  the  time  of  mental  processes;  the  apparently 
simple  process  of  comparing  an  objective  with  a  subjective 
image  varies  its  character  according  to  the  underlying  con- 
nection by  which  the  process  i»  ac<-omp3nied.  This  result, 
too,  appears  iu  the  fact  that,  while  in  finding  letters  all  of 
which  are  known  to  be  present,  an  nrror  is  exceedingly  mre 
when  the  letters  may  be  absent.  Errors  are  quite  numerous 
and  consist  iu  declaring  a  letter  that  is  present  to  be  absent. 

In  certain  j)roresses  it  is  relatively  easier  and  quicker  to  do 
two  things  together  than  to  perform  themseparat<^ly ;  this  being 
due  to  an  overlapping  of  the  mental  processes.  There  is  adivi- 
sion  of  the  attention  among  the  several  mental  tasks  so  that 
the  time  nee<led  for  the  whole  is  considerably  less  than  the 
sum  of  the  times  uecdetl  to  do  each  separately.  In  other  cases 
the  attempt  to  perform  processes  together  seems  to  resnlt  in 
a  mutual  inhibitiou  or  confusion  and  a  lo.>«Hof  time  and  energy. 
As  a  small  contribution  to  an  investigation  of  this  problem 
we  determined  in  two  subjectfl  how  long  it  takes  to  find  two 
letters  among  25  and  to  note  their  i>ositiona.  The  two  letters 
were  announced  beforehand  and  as  soon  as  l>oth  were  found 
the  subject  reacted.  This  proved  to  be  a  very  difficult  and 
often  confusing  process ;  it  took  on  the  average  1640"  which 
(for  the  two  persons  under  consideratiou)  is  418'^  longer  than 
twic4*  the  time  nee<led  to  find  one  letter.  This  may  serve  as 
an  index  of  the  loss  of  energy  in  attempting  to  have  two  pro- 
cesses before  the  mind  simultaneously. 

While  our  results  are  not  sufficiently  nnmerous  or  free 
from  great  variation  to  warrant  detailed  inff'rences,  yet  there 
are  two  such  questions  of  detail  the  importance  of  which 
justifies  even  the  mention  of  tlie  imperfect  information  we  are 
able  to  give.  The  first  relates  to  the  difference  in  eane  in 
recognizing  the  various  letters.  That  such  differences  o<x;ar 
has  been  shown  by  more  suitable  methods.  Our  results  show 
considerable  variation  ;    for  one  subject  the  range  is   from 
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393-^  for  W  to  567"  for  T  ;  for  another  from  487o  for  8  to  719^ 
for  L.  On  the  whole  the  three  letters  most  qnickly  found 
were  S,  O,  and  W  ;  and  tlie  four  least  quickly  found  L,  J, 
H  and  T.  If  we  ventured  to  divide  the  alphabet  into  three 
groups  of  easy,  medium  and  difficult  letters,  our  list-a  would 
read  :  l.  S,  O,  W,  N,  D.  C,  E,  I ;  2.  X.  B,  Z,  G,  M,  Y, 
A,  R,  B  ;  3.  K,  U,  F,  V,  T,  H,  J,  L.  It  must  be  remem- 
bered however  that  no  great  weight  is  to  be  placed  in  this 
detailed  result.  The  second  question  involves  the  query 
whether  the  letters  nearer  the  centre  of  the  block  are  more 
readily  found  than  those  away  from  the  centre.  Our  results 
are  unfortunately  not  recorded  in  such  form  as  to  readily  allow 
of  the  determination  of  this  point ;  but  we  compared  the 
times  for  all  the  letters  found  in  positions  B3,  D3,  C2  and 
C4,  that  is,  in  a  diamond  about  the  central  letter  C3,  with 
those  for  finding  the  four  positions  furthest  removed  from  the 
centre,  AL,  A5,  El,  E5.  Our  result  showed  a  slight 
excess  of  time  for  finding  the  peripheral  letters,  an  excess  t-oo 
slight  perhaps  to  be  recorded  were  it  not  for  its  conatancy  in 
all  three  individuals. 

This  first  attempt  to  gain  a  deeper  insight  into  the  mental 
process  of  finding  certainly  leaves  untouched  the  larger 
number  of  important  and  suggestive  queries  attached  to  it, 
and  yet  the  results  obtained  are  sufficiently  clear  and  con- 
sistent to  justify  the  promise  of  future  investigation. 

SOBiOS  ANTHROPOfETEIC    AND   PSYCHOLOGIC  TESTS  ON   COL- 
LEGE Students.— A  Pbeliminaby  Suhvey. 

(With  the  assistance  of  Geoboe  W.Mo&euouse,  Fellow  in  Psychology.) 

During  the  fall  of  1890  it  was  decided  to  ask  the  studenta 
in  the  general  class  iu  Psychology  to  lend  themselves  to 
series  of  i>hysical  and  psychological  tests  with  a  view  of 
interesting  tlic  students  in  such  tests  as  well  as  acquiring  a 
body  of  statistical  material  which  when  sufficiently  extended 
and  properly  compared  with  other  statistics  might  prove  of 
considerable  value. 

The  experiments  were  not  extensive  in  character  but  they 
served  to  bring  out  the  difficulties  in  this  line  of  work,  and 
the  publication  of  the  present  fragmentary  results '  is  ventured 
in  the  hopes  of  furthering  similar  observations  elsewhere. 

The  tables  given  below  require  more  or  less  explanation  and 
comment.     The  physical  measurements  of  the  men  are  in  the 


'  Simple  and  few  as  the  tc«ta  were  they  required  about  50  inlnutes 
for  each  student.  If  the  tests  could  be  arrauged  so  that  several  persoiui 
might  be  tested  together  without  iotcrfereace  a  great  saving  of  time 
would  result. 
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Viain  those  regarded  as  most  important  by  Mr.  Galton,  and 
rere  made  with  the  Intention  of  correlating  mt^nta]  with  phys- 
Heal  characteristics.  The  apparatus  employed  was  very 
simple  and  hardly  needs  description.  The  dynamometer  is 
of  the  Fert^  pattern,  made  by  Oullin,  Paris.  Similar  measure- 
ments for  the  women  were  obt;iiiied  through  the  courtesy  of 
Miss  liallai-d,  in  charge  of  the  Ladies'  Gymnasium,  but  were 
too  few  in  number  to  warrant  tabulation. 

In  four  cases  the  measurements  made  by  Mr.  Oalton  upon 
miscellaneous  Englishmen  are  exactly  repeated  upon  these 
collie  students,  and  the  results  indicate  in  so  far  as  such  few 
results  can  indicate,  a  superiority  in  favor  of  the  college 
students. 

The  sensibility  bests  were  selected  to  quickly  yield  a  few 
typical  results.  Like  all  such  obeei-vations  the  chief  difliculty 
lies  in  the  fact  that  the  subjects  are  not  used  to  acrnrabely  ob- 
serving their  sensations,  so  that  a  relatively  brief  practice 
would  in  many  cases  alter  the  result.  The  sesthesiometer  em- 
ployed was  that  described  in  this  Jouenal  (Vol.  I,  p.  652).  It 
appears  that  the  distance  at  which  two  points  could  be  felt  as 
two  on  the  back  of  the  hand  was  16.4  mm.  and  on  the  finger- 
tip 1.63  mm.;  the  former  result  being  strikingly  small  as 
compared  with  Weber's  tables. 

The  sensitiveness  of  the  palm  was  tested  by  determining 
the  minimum  height  from  which  the  fall  of  a  bit  of  card-board 
could  be  perceived.  These  bits  of  card-l»oard  weighed  .9 
mgr.  and  were  cut  in  rei-tangles  of  1  by  *i  mm.  from  a  sheet 
of  millimeter  paper  pasted  upon  the  cardboard. 

The  apparatus  used  for  testing  the  pressure  sense  was  a 
modificatiou  of  Fairbank'S  postoflice  balance  in  which  the 
weights  were  placeil  upon  the  scale  pan,  thus  exerting  an 
upward  pressure  upon  the  Anger  resting  upon  a  cushioned 
plate  at  the  end  of  the  beam.  A  comfortable  and  firm  jiosi- 
tion  was  secured  and  an  attachment  provided  by  which  fatigue 
was  prcventc*i.  Two-sevenths  of  the  weight  on  the  scale  pan 
acted  upon  the  finger.  The  table  records  that  additional 
weight  (to  the  nearest  25  gr.)  which  could  be  corn-ctly  dis* 
tingnished  alx)nt  3  or  4  times  from  an  initial  weight  of  500 
gr.  But  few  observations  were  taken  and  the  result  is  only 
approximate.  The  general  result  is  that  a  difference  of  about 
I  or  4  of  the  initial  weight  may  be  correctly  appreciated. 

We  also  attempted  to  measure  sensitiveness  to  pain.  For 
this  purpose  we  used  a  light  hammer  (weight  98.3  gr.) 
pivoted  at  a  point  200  mm.  from  the  center  of  its  iron  hea<l, 
and  a]lowe<l  it  to  hill  on  tlio  tip  of  the  fore-finger  of  each 
hand.  The  back  of  the  hand  as  well  as  the  finger  stmck  was 
supported.  The  tible  records  the  minimum  number  of  degrees 
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throTif^h  whirh  the  hammer  must  fall  in  order  to  cause  a  pain- 
ful BC'U^atioD.  While  this  is  Daturally  not  a  clearly  defined 
point,  Btill  its  constancy  was  surprising.  The  left  band  ap- 
pears to  be  more  sensitive  than  Uio  right.  As  few  falls  of  the 
hammer  as  possible  should  be  used  in  this  test  as  the  skin 
rapidly  fatigues. 

"We  take  up  next  a  description  of  the  tests  of  vision.  The 
printed  pa^«  was  first  place<l  beyond  the  subject's  vision,  then 
gradually  moved  toward  him  along  a  sliding  scale  until  he 
could  just  read  it.  The  column  of  the  table  gives  the  distance 
at  which^  with  the  maximum  strain,  the  page  I'ould  be  read. 
The  size  of  the  type  is  that  in  which  this  article  is  printed. 
The  same  page  was  then  held  as  close  to  the  eye  as  possible 
and  yet  have  the  subjet  able  to  read  it.  We  next  record  the 
Bmallest  sixe  of  print  (in  dioptrics)  that  could  be  read  at  26 
feet. 

For  the  next  test  we  prepared  a  large  white  disc  with  small 
black  sectors  ranging  from  1^  to  16'^  and  proceeding  by  hali- 
degrees  up  to  6°.  When  this  was  rotated  there  appeared  a 
series  of  concentric  rings  of  various  light  shades  of  gi*ay,  each 
ring  l>eing  10  mm.  wide  and  st^parated  by  5  mm.  from  its 
neighbors.  The  subject  counted  as  many  concentric  rings  as 
he  could  see,  and  the  result  was  then  re^  ofi  in  degrees. 

Tbe  acuteness  of  vision  was  tested  in  several  ways,  (A), 
by  finding  tbe  distance  at  which  a  series  of  black  lines  1  mm. 
wide  and  separated  by  spaoes  of  1  mm.  could  be  recognized 
and  the  spaces  between  the  lines  clearly  disoemed,  (B),  by  a 
similar  determination  with  a  checkerboard  pattern,  both  black 
and  white  sijuare^s,  being  4  mm.  square,  and  (C)  by  the  dia- 
tanoe  at  which  either  7  or  8,  IL  or  12  and  15  or  16  dots  2  mm, 
in  diameter  and  irregularly  arranged  in  a  rectangle  of  25x40 
mm.,  could  be  counted.     The  results  are  reKOitled  in  indies. 

Our  next  test  related  to  color  and  we  attempted  at  the  same 
time  to  detect  any  color  defects,  and  to  get  some  measurement 
of  the  rapidity  and  accuracy  of  color  distinctions.  Kach 
student  was  ret[uired  to  match  as  rapidly  as  possible  30 
colored  ovals  of  a  Magnus-Jeffries  Color  Chart  (as  published 
by  Praug).  We  also  noted  irregularities  in  matching.  The 
average  time  shows  about  six  seconds  for  each  color. 

The  strength  of  vi.sion  we  tested  by  notitig  the  smallest  size 
of  letter  readable  at  25  ft.  through  one  and  through  two  thick- 
nesses of  common  cheese-cloth.  No  student  conld  see  the 
letters  at  all,  up  to  50  dioptrics  through  three  thicknesses. 
The  result  is  recorded  in  dioptrics. ' 

'The  only  test  for  hearing  that  we  attempted  was  to  determine  from 
what  height  a  shot  wri;;hlDg  10  mgmm.  most  be  dropped  upon  a  glass 
plate  to  have  the  {lound  lieard  by  the  subject  at  a  distance  of  2.t  ft.     The: 
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We  also  made  a  few  teste  of  the  rapidity  of  movement. 
This  was  done  by  arranging  two  keys  bo  that  the  closure  of 
the  one  vould  start  a  Hipp  Chronoscope  and  of  the 
other  wonld  stop  it.  The  distance  between  the  keys  was 
in  the  one  case  38  inches  and  in  the  other  case  3 
inches.  With  the  keys  38  inches  apart  the  subject  was 
It  told  to  tonch  them  in  succession,  not  as  fast  as  possible 
E>ut  at  any  rate  which  seeme<l  natural  to  him.  He  next  made 
I A  movement  of  the  same  extent,  as  well  as  one  of  3  inches,  as 
fast  as  possible.  This  was  done  separately  for  the  right  and 
left  hands,  aud  the  average  time  of  about  5  movements  is 
recorded  in  the  table.  The  movement  must  be  somewhat 
accurate  in  order  that  the  key  shall  be  struck  at  each  end. 
The  results  for  the  maximum  movements  enables  us  to  deter- 
mine that  the  movement  alone  was  at  the  rate  of  about  8  feet 
per  second. 

It  had  been  our  intention  to  meet  each  student  a  second 
time  and  with  this  intention  we  inaugurated  a  series  of  tests 
of  sense-judgment,  only  a  very  small  portion  of  which  was 
completed,  namely  those  relating  to  pressure  aud  one  relating 
to  the  space  sense  of  the  skin.  The  subject  was  first  required 
to  pour  as  much  shot  in  the  palm  of  his  right  hand  as  he 
thought  would  weight  an  ounce.  The  average  weight  of 
the  shot  thus  estimated  to  weigh  an  ounce  was  37  gm., 
or  an  exaggeration  of  13%  (men  47  gm.,  an  exagger- 
ation 65%  ;  women  22  gm.,  an  underestimation  of  21%). 
He  was  next  asked  to  pour  as  much  shot  into  a  box 
(3^x3^x4  in.  made  of  i(  in.  pine)  as  he  thought  necessary  to 
have  shot  and  l)ox  weigh  one  ounce.  In  this  case  the  average 
result  was  97  gm.  or  an  exaggeration  of  242%  (men  100  gm., 
exaggeration  252%;  women  92.6  gm.,  exaggeration  226%). 
The  ilhisiou  involved  in  this  test  is  the  well  known  fact  that 
a  stimulns  spread  over  a  larger  area  seems  much  less  intense 
than  a  like  stimulus  confined  to  a  more  limite<l  area.  The 
result,  in  the  two  cases  given  above,  measures  the  degree  of 
the  illusion.  He  next  repeated  the  operation  with  the  inten- 
tion of  making  the  box  and  shot  weigh  one  pound.  The 
average  i-esnlt  was  54S  gm.  an  exaggeration  of  285b  (men  605 
gm.,  an  exaggeration  of  34%  \  women  463,  an  exaggeration  of 
2%).  We  find  here  a  smaller  percentage  of  exaggeration 
than  in  case  of  the  ounce.  He  was  then  given  the  box  which 
he  regaixled  as  one  pound  and  irrespective  of  its  actual  weight 
was  aske<i  to   put  enough  shot  into  another  box  to  make  it 


average  result  27.8  mm.  li  inaccurate  owlog  to  the  [mpoBsiblly  of  aeour^ 
ing  absolute  and  coDstant  qalet.  It  la  latereatiDg  to  Dot«  that  the  bear- 
Ids  of  the  women  was  more  acute  than  that  of  tbo  men,  tlie  roaulta 
beiog  17  aud  3u  turn,  respectively. 
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weigh  double  the  first.  The  average  result  was  879  gr.  or 
an  underestimation  of  20^  (men  940  gr,,  undenistimation 
23%  ;  women  789  gr..  nnderestimation  lb%). 

The  space-test  consisted  simply  in  spi-eading  the  points  of 
the  aesthesiometer  on  the  back  of  the  subject's  hand  until  he 
regarded  the  diatanco  between  the  points  to  be  one  inch.  The 
average  result  was  30.6  mm.,  an  exaggeration  of  20%  (men 
31  mm.,  exaggeration  22%  ;  women  30  mm.,  exaggera- 
tion 18%). 

It  is  interesting  to  note  that  in  all  these  tests  of  sense- 
judgment  the  women  are  more  correct  than  the  men. 

In  addition  to  this  a  few  tests  on  bilateral  symmetry  of 
motion  were  made  upou  17  of  the  lady  students.  They  were 
asked  to  move  the  fore-fingers  of  the  two  hands  outward  from 
a  common  point  along  horizontal  bars  of  a  wooden  cross  the 
intention  being  to  move  the  two  arm.s  to  an  cijual  distance. 
The  movements  were  first  made  with  the  fingers  at  all  points 
resting  on  the  bar  and  were  further  subdivided  into  fast 
movements  and  slow  movements,  and  again  into  large  move- 
ments and  small  movements.  All  these  variations  were  also 
gone  through  with  for  movements  in  which  the  fingfers  were 
lifted  up  into  the  air  and  broujrht  down  upon  the  bar  at  the 
end  of  tlie  movement,  (free  movements).  The  table  shows 
the  result  from  each  of  these  variations.  It  apiK»ars  that,  in 
each  case,  the  right  hand  makes  the  larger  movement,  the 
excess  on  the  average  amounting  to  15.5  mm.  Begarding  the 
extent  of  the  excess  of  the  jire/erred  hand  it  is  nwessary  to 
note  that  one  student  is  markedly  left-handed  and  another 
nearly  ambidextrous.  In  t>oth  these  cases  the  left  hand  makes 
the  larger  excursions  and  thus  the  average  excess  of  the 
preferred  hand  l>ecomes  16.7  nnn.  or  ]j  of  an  inch. 

It  appears  that  the  most  infiuential  of  the  distinctions  made 
is  (hat  between  the  guided  and  the  fi'ce  movements,  the 
average  excess  of  the  jireferi-ed  hand  in  the  case  of  the  guided 
movements  being  10.1  mm.  and  in  free  movements  23.4  mm. 
The  size  of  the  movement  is  of  some  influence  upon  this 
excess,  it  being  on  the  average  21.3  mm.  for  the  large  move- 
ments and  12.1  mm.  for  snnill  movements.  In  slow  move- 
ment the  excess  of  the  preferred  hand  is  more  marked  than  in 
fast  movements,  being  19.9  mm.  in  the  former  and  13.5  in  the 
latter.  Individuals  show  considerable  difference  in  the 
amount  of  this  exwss  of  the  preferred  hand,  the  average 
excess  for  the  17  different  individuals  being  as  follows  :  54.3, 
30.7,30.1,25.1,22.6,20.6,17.6,  17.0,12.8,  12.6,  10.9,  10.7 
(left),  9.9.  9.0,  S.O,  S.O  (left),  and  3.9  mm. 

In  addition  to  the  measurements  given  above  we  placed 
before  them  a  series  of  miscellaneous  questions  in  regard  to 
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pereonal  and  family  characteristics.  From  tlic  answers  to 
these  qnestions  we  collect  the  following  data  :  the  average 
age  was  21  yrs.  11  mo.  (3L  men  22  yrs.  4  mo.;  22  women 
21  yrs.  4  mo.)  Of  the  53  stndents  45  were  born  in  Wisconsin, 
7  in  adjoininjc  states  while  1  is  of  foreign  birth.  Regarding 
the  birth-place  of  the  parent^*,  in  29  cases  it  is  in  foreign 
lands.  23  in  New  England  States.  Vermont  preiloniinating, 
32  in  Middle  States  (N,  Y.  28,  Penn.  4),  21  from  Western 
States. 

The  occupation  of  the  father  was  noted  with  the  following 
resnlt :  15  merchants  and  manvifacturers,  10  farmers,  13  pro- 
lessional  men,  5  officials,  4  mechanics,  5  bankers  and  real- 
estate  dealei-8. 

When  asked  to  state  whether  they  regarded  their  health  as 
*' excellent,"  "good,"  •* middling"  or  "  poor,"  20  (14  men 
and  H  women)  pronounced  it  *' excellent,"  28  (13  men  and  15 
women)  "good.'*  4  (3  men  and  1  women)  "middling"  and  1 
"  poor."  When  questione<l- as  to  the  existence  of  headaches 
or  other  chronic  complaints  ."^O  (10  men  and  14  women)  de- 
clared  themselves  free  from  all  such,  13  (9  men  and  4  women) 
were  troubled  with  headache  and  7  with  other  complaints. 

40  of  52  students  (27  men  and  19  women)  c-alled  their  sleep 
''regular"  and  the  i*est  "ii-regular,"  and  33  of  46  students 
(23  men  and  10  women)  spoke  of  their  sleep  as"«ound," 
and  the  rest  as  "light."  The  average  duration  of  sleep  was 
just  8  hoars. 

It  will  be  int-eresting  to  compare,  as  far  as  possible,  the 
records  of  the  men  with  those  of  the  women.  The  general 
result  regarding  dermal  sensations  is  that  women  have  finer 
sensibility  than  men.  This  is  true  for  each  one  of  the  testa 
made,  but  tlie  differences  are  comparatively  slight,  except  for 
the  absolute  sensitiveness  of  the  palm  and  the  sensitiveness 
to  pain.  The  greater  sensitiveness  in  women  in  both  of  these 
oases  indicates  freedom  from  rough  usage. 

As  n?gards  vision  the  differences  on  the  whole  are  so  small 
OS  to  prove  no  sui)eriority  in  the  one  case  or  in  the  other.  To 
this  there  is  but  one  exception  and  that  is  in  the  acout-aoy  and 
mpidity  of  color  perception  in  which  the  womeu  are  clearly 
iKjtter  than  the  men. 

Finally  regarding  the  rate  of  movement-,  the  normal  move- 
ments, that  is  those  adopted  when   no   siwcinl  dip 
given,  are  quicker  in  women  thau  men  while  tl)** 
movements,  particularly  in  case  of  the  longer  mo^ 
faster  in  men.     All  those  difiorcncea  are  cod» 
to  well  recognixtHl  differences  in  the  two  sex 
Qse  and  development  of  the  different  senses 
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Table  I. 
Physical  Measuremetiis  (of  31  Meu^  In  mm.) 


HeMit 

Helffht 

SItrlBff,  from 
SeatfrfCbair, 

Spwiof 
AnoA 

ChrU 
airtb. 

HMd 
Olrth. 

fitrsngth 

of  BqlMBSB** 

1748 

926 

1S13 

910 

675 

41.39 

Table  II. 

Sensatlou  >Dd  Movement. 


DermaJ  Seasatioue. 


Two  Folots  Fell  u  Two. 

8eiisiUTt»- 

SeudUteoeai  Co  Pklu. 

Back  of 
Band. 

Tip  of 
Forcflnser. 

of  Palm. 

80OMi> 

BlRrbt 

Hand. 

RUMI. 

T." 

M. 

W. 

15  0 

(231 

T. 

l.U 
(M> 

ITl 

<S2} 

W. 

1.6S 

139) 

T. 

44.0 

(40) 

M. 

86.3 

(21) 

W. 

21.9 

4S2t 

T. 

S3  a 

(Uj 

U. 

88.T 
(3If 

W. 

M.T 
(M) 

T. 

3«.7 
(Mt 

83.0 
(81) 

ie.e 

(IS) 

T. 

l«Jt 

(«) 

M. 

tt.7 

(W) 

w. 

14.8 

(22) 

6tght  (63  SludeuU;  31  men,  23  womcD). 


ZMrtanceat 
whtub  print 
can  be  rvftd. 

Near  point 
for 

print. 

Bmallest 

typoTiiihle 

at2&ft. 

Differentia- 
tion of  irliit« 
from  (Cray. 

TitiM>  for  Bort- 
l&g  30  colors. 

DIatanc»  >£ 

wliich  lioas 

canberrooff 

Diced. 

T. 
«L9 

w. 

52.1 

T. 
3.& 

3.4 

W. 
27 

T- 

n, 

0.4 

fl.7 

T.        M.     W. 

3.«<=[a.7*o  2.420 

T. 

177" 

312" 

W. 

T. 

108 

117 

97 

81ght,  cODtlDued,  (A3  atudenta ;  31  men,  22  women) . 


DMaace  at  which  dots  can  be  oouoted- 

Dtotaace  at 
which  cti«u It- 
er-board  pac> 
t4>ra  caobe 
recocntwd. 

Letter  vioftile  through  oloih. 

TorL 

11  or  12. 

U  or  16. 

IthtcktMSL 

atudtoMna, 

T. 

IfiT 

IM 

W. 
IM 

T. 
141 

141 

W. 

IW 

T. 

101 

M. 
106 

W. 
91 

T. 
123 

31. 

w. 

124 

T. 
23.0 

M. 

34.7 

W. 

19.0 

T. 

4aft 

M.  1  W. 
4ftO|4t.a 

'  Tbe  height  of  heel  (average  21.2  mni.)  has  been  subtracted  from  full 
helf^ht. 

'  This  measurement  was  taken  upon  only  IG  men  and  is  expressed  In 
kUoKrams, 

*  M  is  the  result  for  the  men,  W  that  for  women,  T  the  average  of  both. 

*  Tbe  figures  Id  purentheses  give  the  number  of  persons  tested. 
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Bate  of  Horement  (45  BtndenU;  38  mea,  17  women). 


Movement  through  U  luchoa. 

MoTeatvQt  Lhroafh  ft  la. 

KwmaJ. 

Maximum. 

M&zlnium. 

BICht  EaimI. 

Left  Hand- 

m^b%  Rud. 

Left  Road. 

lUitbt  H&Dd. 

L«ft  BukI. 

T.     N. 

1000  lOTD 

M6 

T. 
9M 

U. 

W. 

H7 

Hi 

w. 

Ml 

T. 
6S7 

If. 
40» 

W. 
674 

T. 

iBi  in 

T. 
lU 

H. 
ITS 

'  l^ese  numbers  Indicate  o  =^  .001  wc. 
Table  III. 


Symmetry  Movements. 


Oulded. 

Free. 

PMt. 

Stow. 

Fact. 

Slow. 

LarsC' 

Small. 

LAtt«. 

Small. 

Large.. 

Saatl. 

tATfP. 

Small. 

K 

X. 

B. 

L. 

B. 

U 

R. 

L. 

B. 

L. 

R. 

U 

B. 

L. 

B. 

L. 

4M 

4M 

m 

ITO 

4M 

Mfr 

IM 

177 

106 

«0T 

199 

ia» 

ftlO 

480 

ISO 

IM 

Addition  to  Literature  Notices  under  article  on  ZulJoer'!)  IIIusIod. 

MOllek-I.tkr  (Du  BoU  Reymond'fl  Archlv.  Supp.  Band  ISSO)  i^lveft  a 
brief  but  VHluable  account  of  a  variety  of  optical  tlluBloiiH  of  judj^meat. 
He  clearly  demonstrates  the  influence  of  angles,  of  positiouit  of  figures, 
and  ihc  like  upon  their  apparent  size.  His  explauacioti  of  the  illusions 
refers  them  to  the  tendency  of  conalderlng  jurroundlng  and  suggested 
areas  in  the  judgment  of  lines  and  area>i.  He  nNo  mcDttnns  the  efftet 
of  the  angle  In  Zoljner's  illusion,  but  does  not  enlargti  upon  its  relation 
to  the  other  lilusiuus.  Tlic  article,  while  enrnpruheusive  and  orlglnai, 
does  not  add  materially  to  the  explanation  of  the  UIubIod'. 


■Tbe  lUtisiana  of  ooatnwl  In  our  utkM  art  dawrfbad  lo  MBDer-I^vr'a  artida.    WhUe 
I  ba<l  nwMl  this  artlcia  (o  1S90, 1  had  mtlnly  rorcotteD  abmit  It  to  ttw  prasaot  tawtlca- 

tlon  an^l  workt^  out  the  praaoot  fl|pmfl  **>■"*>  *  ht^ 


Oxurvd  !□  MOUnr-L^ar'fl  arUela  bat  our  (j 
fiasford  has  Jiawn  the  Avutm  diwcrlbad  Djr 
was  acain  called  to  this  nfura  and  artlola  ^ 


^>«fore  (tbtrr  arv  not 
■     ly.    Dp. 

i|«BtloO 
'    J. 
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CorrectioDB  to  "  Studies  from  the  Laboratory  of  Experimental  Psy- 
chology  of  the  University  of  Wisconsin."  Ah.  Journal  op  Pstghoi^ 
OQT.    Vol.  IV.,  No.  2. 

On  page  199  insert  the  following  table,  accidentally  omitted : 


Range  of  Words. 


Any  word  whatever 

One  of  100  verbs 

One  of  60  animals 

One  of  20  names 

One  of  ao  letters 

One  of  10  French  words  .  .  . 
One  of  10  numbers 


Simple  Reaction  Time  .... 


J.J. 


269 
260 
260 
238 
238 
246 
220 


177 


F.W. 


267 
266 
262 
240 
243 
251 
233 


187 


Motor. 


J.J.    F.W. 


266 
253 
260 
233 
237 
246 
227 


174 


262 
263 
256 
246 
233 
249 
232 


184 


Sbnsost. 


J.J.    F.W. 


272 
266 
260 
243 
239 
244 
231 


181 


273 
267 
268 
263 
362 
253 
234 


191 


The  pages  In  '■^  Accessory  Apparatus  for  Accurate  Time-Measure- 
ments" belong  to  the  study  of  "ITie  Effect  of  Foreknowledge  upon 
Repetltloa-Timeg,"  and  the  ''Note  upon  Apparatus  and  Method" 
(p.  200)  Is  a  part  of  the  former. 

The  "Note  A— On  the  Timing  of  Rotating  Discs,"  and  the  "Note  on 
a  device  for  color  mixing  "(p.  311^  belong  to  the  study  of  "A  Novel 
Optical  Illusion,"  and  should  be  credited  to  Mr.  Moorehouse.  In  the  cut 
(p.  210)  the  letters  B  P  on  the  right  hand  side  nhould  be  B'  P'. 


Bj  Alexavdeb  Fbaseb,  A.  B. 

The  ordinary,  common  sense  man  lives  and  thinkH  on  the 
assumption  of  two  fuudamcntally  distinct  and  fre<juently  con- 
flicting worldp,  the  world  of  ideas  and  the  world  of  things. 
The  distinguishing  characteristics  of  these  two  worlds  are  to 
him, — to  put  it  in  a  woni, — that  the  former  may  be  and  often 
is  illusory,  and  that  the  latter  must  be  and  always  is  real, 
always  the  same  permanent,  unchangeable  world.  Through- 
out the  grfuter  part  of  his  life  the  two  coincide  and  itresent 
to  him  the  ai>pearanoe  of  only  one,  but  ocoasionally  there 
come  critical  moments  at  which  they  must  part  company  and 
leave  as  a  result  of  their  coutlict  and  se])anition  a  tirm  con- 
viction of  a  real  dualism  ;  the  world  falls  apart  into  two 
general  classes,  of  which  one  must  be  real  and  the  other  may 
not.  It  is  at  such  periods  in  the  uncritical  common-sense 
life,  that  it  is  easiest  to  ob«erve  the  primordiHl  germ  of 
dualism,  and  the  special  psychological  foundation  of  that 
belief  in  a  real  external  world  which  is  the  presupposition  of 
all  practical  life  and  the  guiding-star  of  all  realistic  systems 
of  pliilosophy.  In  the  case  of  the  nnrefiective  but  practical 
thinker,  the  question,  what  do  you  mean  by  a  real  world!  is 
answered  openly  and  without  biiis.  The  most  geneml  state- 
ment of  his  answer  is:  It  is  a  world  that  we  cam  touch.  What 
is  necessary  according  to  him,  in  order  to  constitute  the 
essential  features  of  a  real  world,  is  that  it  be  in  some  way  or 
other  (aur/iUe.  What  he  means  by  the  reality  of  an  object 
seen  in  the  distance  is  the  t>elief  that  if  he  were  beside  it  he 
could  touch  it ;  il  upon  approaching  it  he  found  that  be  could 
not  feel  anything,  he  would  say  that  it  was  not  real  but  illu- 
sory. What  he  means  by  an  illusion,  ghost  or  phantom,  is, 
in  an  ultimate  analysis,  something  which  is  in  its  very  nature 
intangible.  He  can  be  persuaded  that  the  object  he  sees 
before  him  is  illusory  ;  but  if  he  is  allowed  to  stretch  forth 
bis  hand  and  can  touch  it  and  feel  it  there,  the  last  remnant 
of  doubt  as  to  its  real  existence  will  have  fled.    Or  conversely, 
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he  can  be  persuaded  that  the  ghost  or  phantom  which  he  sees 
is  really  there,  but  If  he  ]mt8  out  his  hand   and  feels  it   not, 
then  he  is  firmly  convinced  of  the  illusion.  Pi-actical  life  is  full 
of  UlnstratioDS  of  this  truth,  and  I  think  that  without  making 
any  further  explanation,  we  can  safely  carry  with  us  for  future 
use  the  general  conclusion  that  the  final  and  most  conclusive 
test    of    reality  for  the   common-eense    man   is   *Mouch." 
But  this  truth  can  be  seen  in  a  much  deeper  and  more 
critical  sense.     Let   the  common-sense   man  begin  to  philo- 
sophi/.e.     het  him  become  acquainted  with  Berkeley's  theory 
of  matter.     He  is  told  that  this  real  world  of  his  in  which  he 
has  had  all  faith   ever  since  his   life  be^an,  is  a  monstrous 
illusion  ;  that  there  is  only  one  world   :ind    that  that   is    not 
what  he  use*t  to  call  his  real  world  but  his  ideal  world  ;  that 
he  is  to  be  deprived  of  not  one  of  his  old  facts,  but  that  all 
these  facts  are  of^  the  same  ty|ie  and  this  fcyiie  is  the  tyi>e  of 
his  ideal  world.     He  is  at  once  fascinated  by  the  novelty  of 
the  doctrine.     At  first  he  will  have  an  irresistible  objection 
to  it  on  the  ground  of  his  old  appeal   to  reality — he  will  in- 
variably reply,  there   is    more  than   the   idea   of   the   world 
there,  for  I  can  foiicft  it.     But  he  is  asked  to  reflect,  to  look 
within  and  to   say  what  he   really  means   by**  touching  an 
object,"  he  is  asked  to  de8cril:)e,  to  ^ive  a  definite  expression 
to  the  content  of  consciousness   which   corresponds   to    this 
fact  of  touching ;  once  more  he  begins  to  see  the  truth   of 
idealism,  and  his  stubborn  realistic  notions  begin  to  fade  and 
grow  dim.     He  finds  that  all   he  means  by*' touching  an 
object"  is  the  idea  that  his  hand  (another  idea)  stands  in  a 
certain  relation  to  an   object,  which   is  it»elf  only  an  idea. 
Everything  he  attempts  to  describe  or  express  must  first  be 
translated  into  this  language  of  idealism.     It  is  all  very  well 
for  men   to   live  uncritically  and   to  believe  in  an  external 
material  world  ;  it  is  all  very  well  to  say  that  we  can  touch 
it,  but  the  true  and   ultimate  test  now  is  not '* touch"  but 
"expression."     Describe  the  content  of  your  consciousness. 
Try  to  express  what  you  mean  by  matter,  try  to  define  it,  and 
you  will  find  it  immediately  dissolving  into  ideas.     The  whole 
l)elief  in  a  material  world  has  arisen  from  want  of  reflection^ 
from  want  of  the  proper  method  for  observing  the  truth  of 
things.     The  way  to  get  at  the  truth  of  things  is   not  to 
believe  what  is  here  but  to  wait  until  the  next  moment  and 
then   look   back  and   see  what  leas  there.     At  the   moment 
when  we  touch  an  object  we  have  an  immediate  belief  in  its 
real   existence  apart   from   our  knowledge  about  it,  but  we 
must  not  have  any  faith  in  this  belief — we  must  find  the  real 
truth  about  the  object  by  reflecting  on  this  belief  and  by  trying 
to  give  it  a  definite  expression.  The  arguments  of  the  idealist 
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tkve  tinanswerable,  and  thus  the  common-seDse  man  becomes 
a  convert. 

But  let  this  same  man  arise  from  his  philosophic  calm,  and 
let  hint  once  more  ^o  out  and  assume  the  duties  of  practical 
life ;  at  the  first  st43ne  he  kicks,  away  goes  Berkeley's  theory 
of  matter ;  he  is  back  in  his  real  world  again.  Idealism  is 
very  fascinating  and  all  very  true  for  a  state  of  perf«;t  calm, 
in  which  all  the  active  senses  are  relaxed,  but  once  out  in  the 
busy  scenes  of  active  life,  its  charms  are  gone,  and  all  its 
t«rma  appear  boUowsoundJiig  and  meaningless.  Underlying 
practical  life  thei-e  is  a  vast  stretch  of  realistic  intelligeace 
which  refuses  to  l>e  expressed  by  the  reflective  metliod.  It 
has  no  content  in  the  imagination  and  consequently  defies 
definite  description.  It  seems  to  have  been  left  without  a 
hinguage  and  without  a  written  history.  But  nevertheless  it 
has  perhaps  the  highest  claim  to  the  name  of  intelligence 
since  it  realizes  itself  in  immediate  belief  and  practical  life. 
Its  outcome  is  not  reflection  but  action.  The  real  world  wo  can- 
not and  must  not  try  to  know  by  reflection,  but  we  can  and  do 
know  it  by  acting  and  living  in  it.  How  eagerly  and  yet  how 
vainly  do  we  search  the  whole  vocabulary  of  language  for 
words  to  express  this  great  practical  truth  !  How  we  have 
to  fall  back,  as  did  the  Scottish  philosophers,  on  such  general- 
ities as  ''  common  sense/*  *'  l>elief,"  **  intuition,''  which  can 
be  80  easily  ridiculed  by  the  glib-tongued  idealist  whose  rich 
inheritance  is  almost  the  whole  vocabulary  of  thought !  And 
what  relief  we  feel  in  the  reflection  that  we  ffre,  and  do,  more 
than  we  can  know  !  Life  and  its  fundamental  beliefs  are 
greater  than  knowledge;  and  the  most  fundamental  belief, 
and  the  l)elief  which  stimulators  and  moulds  all  life,  all  evolu- 
tion, all  pi-ogress,  is  that  belief  which  the  ordinary  man  has 
in  the  existence  of  a  real  external  world.  It  must  l>o  re- 
meml>ered  that  in  this  we  are  not  dealing  with  any  Hpeculative 
form  of  realism.  What  we  have  l>een  looking  at  is  the  simple 
experience  of  the  naive  thinker.  Our  common-sense  man  has 
gone  through  the  ext>erience  of  idealism,  and  now  he  is  back 
in  his  real  world  again.  It  is  the  same  old  world  that  once 
before  he  told  us  he  could  touch.  It  was  by  again  allowing 
full  play  to  the  sense  of  touch  that  It  was  brought  back  to  him 
with  even  deeper  conviction  than  before.  If  we  ask  him  now 
what  is  his  criterion  of  reaiity  be  will  reply  not  "definition^' 
but  '*  touch.''  He  knows,  and  will  admit,  that  there  is  some- 
thing simple  and  uncritical  alx»ut  it,  but  yet  he  feels  like 
crushing  once  for  all  our  critical  methods  by  telling  us  that 
there  are  more  things  in  "  touch  "  than  wer<«  ever  dreamt  of 
in  our  philosophy.  Such  confessions  from  the  ordinary  un- 
reflective  life  are  of  greatest  importance   inasmuch  as  they 
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point  ont  to  ns  the  history  of  the  belief  in  an  external  world 
in  \t»  first  stages,  and  in  this  indicute  the  fiindamentAl  basis 
of  realism  and  the  tme  method  for  ite  solution.  And  now 
that  this  fju't  hoM  been  pointed  to,  that  realism  at  le^st  in  it« 
first  conscious  forms,  that  at  least  the  primary  sta^s  of  a  Iwlief 
in  external  reality  are  most  directly  connected  with,  if  not 
wholly  founded  upon,  the  sense  of  touch,  we  can  go  l>a<k  still 
farther  and  read  from  the  story  of  evolution  how  all  this  came 
about. 

Now  why  is  it  that  touch  should  be  the  organ  of  reality  any 
more  than  any  other  sense  T  .1  pnoH  thei'e  is  no  reason. 
The  only  way  we  can  realize  and  appreciate  the  fact  is  by  ob- 
aerring  its  history.  Touch  is  the  mother-sense.  It  Is  a  re- 
salt  of  the  first  division  of  labor  in  aminal  life.  The  division 
of  the  protoplasmic  mass  into  endosarc  and  ectosarc,  or  tactnal 
surface  is  the  first  sign  that  marks  its  individuality.  The 
tactual  surface  is  the  prlmoi-dial  boundary  line  between  th© 
ego  and  aonego.  It  is  most  closely  allied  with  tlie  vital 
functions.  lu  many  of  the  lower  forms,  such  as  the  Amteba, 
the  absorbing  surface  and  the  contact  surface  are  coextensive ; 
the  vital  functions  and  the  tactual  functions  ai'e  almost  one — 
the  hand,  mouth  and  intestine,  are  one  and  the  same  organ. 
As  difiereutiation  goes  on,  the  tactual  surface  makes  its  special 
duty  more  marked.  It  becomes  more  and  more  confined  to  the 
business  of  mediating  Iwtweeu  the  inner  life  and  the  outer 
world.  If  an  outer  world  is  to  have  any  i-elation  to^  if  it  is  to 
communicate  in  any  way  with,  if  it  is  to  have  any  meaning 
for  the  inner  life  and  vital  functions,  it  must  do  so  by  means 
of  tactual  impressions.  All  the  othc^r  senses,  as  Spencer  has 
pointed  out,  arc  only  modifications  of  the  sense  of  contact. 
In  their  rudimentary  stages  the  space  penetrating  senses  are 
nothing  more  than  anticipatory  forms  of  touch.  Their 
primary  office  is  to  serve  touch.  If  they  are  to  have 
any  meaning  for  the  life  of  the  organism  their  impressions 
must  be  translated  into  impressions  of  touch.  In  the 
most  highly  d*'velope<i  forms  the  primary  use  of  these  an- 
ticipatory senses  seems  to  have  iK-en  forgotten,  and  tliey  aro 
admired  for  what  they  are  in  themselves.  In  man,  for  exam- 
ple, the  visual  faculty  instead  of  remaining  exclusively  in  the 
service  of  touch  as  a  special  scout  between  the  inner  life  and 
outer  reality  has  also  become  connected  with  the  business  of 
imagination,  speculation  and  hypothesis.  But  in  so  far  as 
any  of  these  senses  give  any  intelligence  of  an  essentially  real 
world,  they  must  serve  in  their  primary  capacity  and  translate 
their  impressions  into  the  original  impressions  of  contact. 
The  organism  cannot  be  affected  in  any  important,  in  any  real 
way,  except  by  actual  contact.    All  intercommunications  and 


relations  with  an  external  world  that  are  most  closely  coa- 
nected  with  lite  are  in  their  nltimate  analysis  relations  of  actual 
contact.  Eating,  breathing,  locomotion,  acquisition  of  food, 
struggles  with  and  escape  from  enemies,  all  functions  implied 
in  the  prot«ssos  of  life  and  evolution  are  functions  whii-h  im- 
ply actual  contact  between  the  organism  and  its  environment. 
Thus  the  sense  of  contact  is  that  which  is  most  closely  allied 
with  life  on  the  inner  side  and  \^ith  reality  on  the  outer.  It 
is  the  first  and  original  mca HI ru;  of  reality.  In  the  case  of 
the  other  senses  we  may  doubt  and  reason  about  the  reality 
of  the  imformation  received,  but  if  we  doubt  the  reality  of 
contact  we  call  in  <|uestion  the  very  standaixl  by  which  we  are 
enabled  to  doubt.  And  though  in  disease  the  sense  of  contact 
may  deceive  us  and  present  to  us  illusions,  yet  the  standard 
of  sanity  by  which  these  phenomena  are  known  to  be  illusions 
is  the  standard  of  contact. 

Another  fact  which  may  be  learne<l  from  the  evolution  of 
the  sense  of  touch  is  the  history  of  that  immediate  belief  sind 
prompt  reacfion  which  always  accompanies  it.  In  the  case  of 
the  space- penetrating  senses  there  is  no  absolute  necessity  for 
Immediate  t>ellef  in  and  prompt  reaction  to  the  information 
received.  At  the  sight  of  the  enemy  in  the  distance  it  is  not 
aNolutely  necessary  that  the  animal  should  immcdiatelj*  take 
the  proper  measures  for  warding  oS  the  attack.  It  has  plenty 
of  time  to  stop  and  speculate  as  to  whether  it  is  a  real  enemy, 
admire  its  form,  etc.,  luid  still  have  time  left  to  miike  itself 
Recure  from  darger.  The  anticipatory  faculties  are  only  the 
first  warnings  of  approaching  iutei-etsts  and  may  Ik*  and  i|uite 
often  are  illusory  and  misle^idiug.  The  characteristics  of  the 
reaction  which  follows  must  consequeutly  Ixs  wavering,  hesi- 
tation, delay,  and  speculation.  But  the  case  of  contact  is  very 
difierent.  By  touch  tlie  final  warning  is  given,  and  if  it  ie  not 
heeded  and  immediately  reacted  to,  destruction  or  injury  is 
Bure  to  follow.  There  is  no  time  for  retle<;tiou,  doubt,  or 
speculation.  It  is  the  final  signal  and  the  animal  which  is 
not  60  constituted  as  to  follow  it  with  immediate  Ix^lief  in  its 
reality  and  prompt  reaction,  will  not  survive  in  a  real  world. 
One  of  the  fundamental  conditions  then,  on  which  the  sense 
of  contact  has  Nur\ived  a«  the  special  orgau  of  a  real  external 
world,  was  that  its  outcome  should  consist  in  immediate  be- 
lief and  prompt  reaction,  aiul  for  this  reason  it  is  so  today. 
At  the  beginning  of  the  history  of  animal  life,  its  sole  func- 
tion  waa  to  mediate  directly  between  the  inner  life  ami  the  ex- 
ternal world  ;  this  is  its  sx>ectal  function  to-day  in  the  hitcst 
stages  of  the  history  and  in  its  most  developed  forms- 
It  may  at  first  sight  be  thought  childish  to  form  all  this 
real  world  of  ours  in  all  it«  fulness  and  vast  complexity  on 
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SQCh  a  simple,  crade  and  fteemfngly  nnoouBcious  thing  as  the 
sense  of  touch.      Toueh,  however,  is  far   from   being   cmde. 
The  mother  sense,  if  it  has  not  kept  ahead,  ha8  at  least  kept 
abreast  in  development  with  the  others.      The  influence   of 
the  Keuse  of  contact  can  l>e  tmced  in  all  the  highest  forms  of 
intelligence.     Herbert  Si>encTer  says  that  touch  is  "  more  than 
any  other  sense  associated  with  the  advance  of  intelligence." 
He  flnds  from  the  facts  of  evolution  that  '*  a  higbly-elaborated 
tactual  apparatus  comes  to  be  the  uniform  accompaniment  of 
superior   intelligence."      In  support  of  this  he  supplies  facts 
from  each  great  division  of  the  animal  kingdom.    The  Cephal- 
opoda, the  most  sagacious  of  the  Moflusrct,  are  esi>e('iaUy  dis- 
tinguished in  structure  in  having  several  arms  by  which  they 
can  grasp  an   object  on  all  sides  at  the  same  time  that  they 
apply  it  to  the  mouth.     Again  the  crabs  which  stand  at  the 
hea<l   of   tbe   sub-kingdom  Articulafa,  bring  their  claws  and 
foot-jaws  simultaneously  to  l>ear  on  things  they  are  manipula- 
ting.    The  parrot,   which   of  all  bii-ds  is  admitted  to  be  the 
most  intellectual,  differs  most  fi-om  its  kindred  in  the  devel- 
opment of  its  tactual  organs.     No  other  bird  approaches  it  in 
the  complexity  of  the  tactual   actions  it  performs  and  the 
tactual  impreasions  it  receives.    Among  mammals  the  i^npui- 
miata  or  those  having  limbs  terminating   in   8ei>ai'ate   digits 
are   more   iutcUigcut   than   the   Vnffulata  or  hoofed  animals. 
The  feline  and  canine  tribes  stand  psychologically  higher  than 
cattle,  horses,  sheep  aud  deer.      In  the  case  of  auy  marks  of 
sagacity  among  hoofed  animals,  us  iu  tbe  horse^  the  lack  of 
sensitive  extremities  is  i)arHy  comjiensated  by  highly  sen- 
sitive and  mobile  lips.      The  most  remarkable  and  most  con- 
clusive instam'e  of  this  connection  Itetween  the  growth  of  in- 
telligence  and   development  of  the  tactual  organs  is  seen  in 
the  elephant,  which  is  markedly  distingnished  from  allied 
tribes   both   by  its  proboscis  aud  by  its  great  sagacity.     The 
asHOciation  l>etwe<m  intelligence  and  tactual  powers  is  brought 
out  more  conspicnonsly  in  this  case  by  the  fact  that  both  are  ex- 
ceptional. Among  the  /V/w/a^e«  the  same  association  of  develop- 
ment of  intelligence  with  that  of  tactual  appendages  is  distinctly 
marked  l)Oth  in  coutnista  lx;tween  them  and  inferior  animals, 
and  between   the  different  genera  of  themselves.     The  pre- 
hensile and  manipulatory  powers  of  tlie  lower  kinds  are  as 
inferior  as  their  mental  powers.     In  the  caae  of  the  human 
being,  Mr.  Spencer   maintJiins   not   only  "that   the   tangible 
attributes  of  things  have  been  rendered  completely  cognizable 
by  the  complex  aud  versatile  adjustments  of  th«  human  hands, 
and  that  the  accompanying  manipulative  powers  have  made 
possible  those  populous  societies  in  which  alone  a  wide  intel- 
ligence can  be  evolved ' '  but  that  even  * '  the  most  far-reaching 
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cognitions,  and  inferences  the  most  remote  from  perception, 
have  their  roots  in  tiie  definit<ely-combined  impressions  which 
the  human  hands  can  receive." 

Again,  it  may  be  objected  that  the  sense  of  contact  as  each 
is  only  a  myth  ;  that  what  we  have  been  calling  the  mother- 
sense  is  only  a  name  or  hypothetical  term  introduced  for  the 
purpose  of  explaining  the  origin  and  difierenCiation  of  the 
other  senseSf  and  that  there  is  no  snch  t^ing  as  a  definite  and 
special  sense  of  contact.  The  evidence  from  experimental 
psychology,  as  far  as  it  has  gone,  goes  to  show  that  this  ob- 
jection is  without  good  fonndation.  The  sense  of  touch  la 
perhaps  of  all  senses  the  least  exploi-cd,  but  the  bulk  of  fact« 
already  obtained  by  experiment  give  evidence  that  apart  from 
the  variety  of  sensations  generally  grouped  under  the  word 
*•  touch,"  t.  €,  the  feelings  of  pain,  exertion,  fatigue,  conffis- 
thesia  and  muscle  souse,  there  is  a  »j}ccial  sense  of  contact, 
Goldscheider  by  drawing  a  very  fine  point  of  metal  over  the 
ekin  discovered  that  at  certain  minute  points  a  distinct  and 
peciiliar  sensation  of  "  pressure  "  was  felt.  This  sensation, 
when  tlie  pressure  is  very  light,  is  described  as  being  lively 
and  delicate  and  accompanied  by  the  feeling  of  being  tickled. 
When  tiie  pressure  is  increased,  the  character  of  the  sensation 
changes  and  becomes  as  though  a  small,  hard  kernel  were 
pressetl  upon  the  skin.  Stimulation  of  the  spacer  between 
these  spots  does  not  produce  the  same  characteristic  sensation 
but  rather  a  dull,  indefinable,  "  eontentle^s "  sensation.^ 
This  special  sense  of  pressure  or  of  tactual  hardness  is 
incommensurable  with  any  of  the  accompanying  sensa- 
tions. It  cannot  be  explained  by  any  possible  combinations 
of  any  otiier  senst's  such  as  the  fetling  of  innervation,  mns- 
cnlar  resistance,  etc.,  but  it  is  in  itself  something  unique  and 
underived.  Is  it  not  the  sense  which  alone  gives  us  the 
essential  nature  of  the  primary  qualities  of  matter  T  The 
feeling  of  muscular  resistance  has  a  meaning,  but  it  is  a  very 
different  meaning  from  that  of  resistance  plus  contact.  Mns- 
oalar  reaistance  can  never  get  beyond  a  muscular  feeling — it 
can  never  mean  hardness,  solidity  or  those  fundamental 
strata  of  matt«r  which  we  call  the  primary  qualities.  Landry 
gives  the  case  of  a  workman  whose  fingers  and  hands  were 
insensible  to  all  conUict  but  in  whom  the  sense  of  muscular 
activity  was  everywhere  alert.  His  eyes  were  shut  and  a 
large  object  placed  in  his  hand.  He  was  cjuite  aware  of  the 
muscular  resistance  but  hatl  not  the  slightest  notion  of  an 
object,  or  that  an  object  was  in  his  hand  ;  his  only  idea  was 
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that  herouM  not  close  his  hand,  and  he  was  astonished  at  the 
fact.  Snch  facts  as  these,  then,  obtained  by  experiment,  t-end 
to  show  that  there  is  a  special  sense  of  contact  which  is  dis- 
tinct from,  and  incom mensurable  with,  the  other  senses; 
that  this  sense  is  the  special  organ  for  cognizing  the  primary 
qualities  of  the  material  world ;  and  that  consequently  the 
mother- sense  is  not  a  myth  or  hypothetical  name,  but  a  real 
Ki>t'cific  sense. 

Kow  that  we  have  seen  the  historical  foundation  for  the 
important  part  wliicli  the  sense  of  tonch  plays  in  the  practical 
knowledge  of  common  sense,  we  can  go  still  farther  and  trace 
its  influence  on  the  more  t-echnical  forms  of  intelligence^ 
science  and  philosophy.  "All  developed  science,"  says  Mr. 
Spencer,  '*  dealing  as  it  does  with  measured  resnlta,  is  line- 
ally descended  from  that  simplest  kind  of  measurement 
achieved  by  placing  side  by  side  the  bodies  held  in  the  hands. 
Our  knowletlge  of  the  forces  governing  the  Solar  System  is 
expressed  in  terms  that  are  reducible,  by  an  ultimate  analysis, 
to  equal  units  of  linear  extension,  whieh  were  originally  fixed 
by  the  direct  apposition  of  natural  objects.  And  the  nude- 
veloi)ed  sciences  that  have  not  yet  passed  the  stage  of  qual- 
itative pi-evision,  depending  for  their  advance,  as  they  do, 
either  on  experiments  requiring  skillful  manipulation  or  on 
observations  implying  dissection  and  oUier  analogous  proced- 
ures, could  not  have  reached  this  stage  in  the  absence  of  a 
highly  developed  manual  dexterity.'-  Science  is  not  only 
mechauiwilly  dej^enilent  on  the  sense  of  touch  but  it  is  so  in 
its  very  nature.  The  very  world  that  science  is  striving  to 
express  is  the  world  of  contact.  It  never  rests  satisfied 
until  it  can  define  things  in  t«»rms  of  the  tangible.  Contact  is 
the  presupposition  of  all  scientific  investigation.  All  psy- 
chological theories,  for  example,  Uike  for  their  starting 
point  the  conception  of  contact.  The  various  empiricist 
theories  of  the  development  of  the  notion  of  space  all  begin 
with  ''contact."  All  theories  concerning  the  processes 
involved  in  the  functions  of  the  various  senses  are  attempts 
to  reduce  these  X)roresse3  to  terms  of  conta<!t.  Sight  is  not 
explained  by  sight  but  by  a  hypothetical  process  instituted  in 
order  to  allow  actual  contact  between  the  retina  and  the 
object.  In  the  same  manner  also  arc  hearing  and  smell  ex- 
plained. Again  all  physical  theories  presuppose  this  same 
conception.  All  i»hysical  hyi»othese.s  alwut  atoms,  fluids, 
vibrations,  etc.,  are  just  the  outcome  of  this  attempt  to  give 
expres-sion  to  this  fundamental  and  unuameable  yearning 
after  tactual  term.s.  It  is  a  mistake  to  say  that  the  goal  of 
science  is  the  "continuum" — the  paradoxical  and  incon- 
ceivable continuum.     The  coutinnum  is  i-eally  not  a  coucep- 
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tlon  at  all,  it  is  merely  a  name  applied  to  that  feeling  of  vain 
and  endless  effort,  that  contradiction  which  we  feel  when  we 
try  to  express  or  describe  the  conception  of  rontact  in  visual 
terms.  It  ie  merely  the  term  appliwi  to  the  contradiction 
which  arises  from  trying  to  exhaustively  describe  the  original 
notion  of  contact  by  means  of  modidoationH  of  the  notion  of 
visible  expanse.  The  various  hypotheses  of  atoms,  flnids, 
et<?.,  are  not  true  expressions  of  the  notion  of  contact ;  the5' 
are  really  visual  constructions  of  the  iniaginatiou  and  are  in 
their  very  nature  incapable  of  defining  it.  They  serve  very 
well  as  arbitrary  Mt'tjus  of  this  notion  but  when  they  are  looked 
upon  as  anything  more  they  are  bound  to  lend  to  contradic- 
tions. But  the  impoi-tant  jtoint  to  l)e  observed  is  that  the  goal 
of  the  existence  of  such  hypotheses,  the  one  fundamental  pur- 
pose for  which  they  are  constructed  is  to  make  conflict  possi- 
ble. Thus  the  underlying  presupposition  of  science  is  not  the 
**  continuum,"  but  **  tangibility."  A  tangible  world  is  the  kind 
of  world  it  is  striving  to  expit'ss.  All  things  can  be  made 
clear,  can  be  scientifically  explained  if  they  can  be  reduced  to 
the  type  of  the  tangible. 

In  the  sphere  of  philosophy  the  influence  of  the  touch- 
world  is  not  so  apparent,  and  its  importance  is  mnch  less 
frequently  asserted.  It  seems  to  be  swamped,  as  was  indie- 
at4Hl  Iwfore,  by  the  character  of  the  philosophic  method.  The 
tangible  world  cannot  flourish  on  iuti-ospective  and  reflective 
soil.  The  introspective  type  of  reflection  which  to  such  a 
great  extent  characterizes  the  current  methods  of  philosophy, 
seems  for  the  most  part  to  be  tlie  visual  type  of  knowledge, 
and  stands  just  as  incapable  of  describing  the  phenomena  of 
touch  as  that  of  sound  or  any  other  sen.ne.  This  visual 
type  of  knowledge  recognizes  the  existence  of  the  tan- 
gible world  in  the  sense  that  it  believes  that  tlicro  is 
a  rt'ftl  world  to  express.  But  when  it  formulates  a 
visual  expression  of  this  world,  it  begins  to  see  that  it*s 
visual  lines  have  fallen  in  unpleasant  places  and  present 
nothing  more  than  a  mass  of  abstractions  and  contradictions, 
such  as  the  ^'continuum,"  "abstract  substance,"  and  all  the 
other  bugl)earsof  philosophy.  This  mass  of  absurdities  it 
surely  must  discard;  and  mark  just  here  how  scepticism 
follows.  Inst«»d  of  calling  in  question  its  method  of  expres- 
sion and  seeing  its  inadequacy,  it  regards  this  so  called 
'*  mass  of  nbsui-dities  "  an  a  true  expression  of  the  real  world, 
and  consequently  resorts  to  the  conclusion  tliat  there  is  no 
real  world  at  all — the  real  world  having  become  identified 
with  this  chaotic  expression  is  rejected  with  it-  This  method 
of  philosophy  is  the  foundation  of  the  Berkeleyan  type  of 
idealism   and   the  scepticism  of   Hume.     The  material  world 


438 


FRA8EB : 


to  which  Berkeley  meant  to  deny  existence  was  not  the  world 
of  touch  but  the  chaotic  offspring  of  the  visual  expression  of 
that  world,  and  in  this  he  took  a  very  important  Btep  towards 
clearing  away  the  ''philosophic  dust;"  but  immediately 
afterwards  he  took  a  seriously  false  step  in  attributing  the 
fault  in  this  inadequate  expression  to  the  side  of  the  touch- 
world  rather  than  to  the  method  of  expression.  In  conse- 
quence of  this  he  led  the  way  to  the  denial  that  there  was 
any  real  world  to  express^  aud  this  false  step  is  carried  oat 
and  fnlly  developed  with  all  its  implications  in  the  sceptical 
philosophy  of  Hume. 

The  thoroughgoing  criticism  of  Hume  marks  the  period  for 
the  l)ejcinninK  of  a  new  system  of  philosophy.  Hume  boldly 
encountered  the  preat  paradox  involved  in  the  attempt  to  ex- 
press the  real  world  by  the  reflective  method,  accepted  it  as 
unavoidable,  and  denied  the  possibility  of  metaphysics.  Kow, 
if  there  is  to  be  a  new  positive  philosophy,  this  paradox  must 
be  solved,  and  this  is  possible,  obviously,  only  on  condition 
of  a  change  in  the  philosophic  method,  tn  makiug  this 
change  there  are  two  alternatives :  either  the  reflective  method 
mnst  be  retained  and  greatly  modified  and  manipulated,  or  it 
must  be  abandoned  altogether  and  the  external  world  must  be 
asserted  from  the  side  of  its  own  spw^ial  sense,  which  through- 
out this  paper  we  have  bt^en  trying  to  maintain  is  the  sense  of 
touch.  Has  philosophy  ever  attempted  this  t  The  tangible 
world  we  saw,  forcibly  asserts  its  influence  and  importance 
throngliont  the  earliest  stages  of  animal  life,  in  the  practical 
world  of  common  sense,  and  in  the  domain  of  science.  Now 
the  question  is,  has  it  done  so  also  in  philosophy,  or  has  it  in 
this  sphere  been  altogether  neglected  T  Is  there  any  evidence 
that  there  is  any  one  system  of  philosophy  whose  character- 
istic method  of  procedure,  whose  characteristic  tyi>e  of 
thought  we  can  identify  with  the  type  of  touch  ! 

We  shall  try  to  adduce  evidence  to  show  that  what  may  be 
called  the  psychological  foundation  of  the  Scottish  school  of 
philosophy,  Natural  Realism,  is  the  sense  of  touch;  that  the 
particular  type  of  thought,  or  thouglit-temperament  which  is 
the  underlying  possibility  of  such  a  doctrine  is  the  ''touch 
type."  Or  to  be  more  particular,  what  we  shall  try  to  prove 
is  that  the  real  external  world  which  this  school  of  philosophy 
80  bravely  defends,  and  tries  so  hard  to  express,  is  not  a 
world  known  by  some  inexplicable  divine  intuitive  act  of  con- 
sciousness as  they  thought,  but  the  simple  and  hitherto  unat- 
tended to,  phenomena  of  the  apeciai  sense  of  touch  ;  and  that 
the  characteristic  *' immediate"  type  of  knowledge  by  which 
they  conceived  this  world  to  he  known,  can  he  identified  with 
those  processes  which  ai*e  peculiar  to  tactual  perception. 


The  esseutial  point  to  be  noted  in  the  doctrine  of  Natural 
Realism  is  that  it  is  a  reaction  against  the  Lockiiiu  **  theory  of 
ideafi."  According  to  this  theory  of  ideas  all  knowledge  ie 
mediate,  we  can  only  know  tilings  through  tlieir  idea«.  Now 
tiie  school  of  Realism,  noticing  the  sceptical  outcome  of  this 
doctrine,  reviews  it,  and  finds  that,  though  there  is  a  great 
deal  of  truth  in  it,  yet  it  is  only  a  partial  view.  Realism  says 
that  "mediate '*  knowle<lge  is  not  all;  there  is  immediate 
knowledge ;  there  is  a  <*ei*tain  kind  of  knowledge  in  which 
tliere  is  no  ffrtium  quid.  Or  again,  Realism  may  be  said  to  be 
a  forcible  retnrn  to  perception.  The  Berkeleyan  idealism  re- 
duced perception  to  the  type  of  conception.  Realism  brings 
perception  back  to  its  original  type  and  emphasizes  it.  The 
watch-word  of  the  whole  system  is  *'  immediate  perception." 
And  now  that  we  have  the  doctrine  as  it  were  in  a  nut-shell, 
all  we  have  to  do  is  to  find  out  what  is  really  meant  by  "im- 
mediate i>erception*' — what  is  the  type  of  knowledge  it  ex- 
presses. In  order  to  do  this  let  us  first  see  what  sort  of  crit- 
icism the  Scotti&h  philosophers  passed  on  tlie  reflective  method 
of  idealism,  and  what  method  they  proposed  to  pat  in  its 
place. 

The  criticism  they  passed  on  the  method  of  reflection  was 
essentially  psycbologit^.  They  looked  into  the  psychological 
basis  of  the  method.  And  what  do  they  find  1  That  the 
whole  system  is  built  up  on  an  analogy  of  visual  processes. 
They  analyze  the  language  of  philosophy  and  they  find  that  it 
is  made  up  alui08t  wholly  of  visual  terms. 

Dogald  Stuart  says : 

**  Another  obf>ervfttion  too.  which  wna  formerly  hlotcd  at,  Is  coDflrmed 
by  the  same  historical  review;  (hat  in  the  order  of  Inquiry,  the  pho- 
Domeoa  of  visloa  had  drst  engaged  the  attenlion  of  philosophers,  aod 
had  saggested  to  them  the  greater  part  of  their  ImnKuaee,  with  reaped 
to  perception  In  general;  and  that  in  consequence  of  this  circumataDce, 
the  common  modes  of  expresgion  on  the  subject,  unphlloaophic&I  and 
fancLfol  at  be«t,  eren  when  applied  to  the  sen^e  of  seeing,  are  in  the 
caae  of  all  the  other  senses  obvioosly  uniuielllgtble  and  self-cootra- 
dictory." 

Dr.  ThomaH  Iteid  gives  the  same  criticism  of  the  so  called 

idealistic  mctho<l : 

"  Of  all  analogies  between  the  operations  of  body  and  those  of  the 
tntnd,  there  is  none  so  strong  and  so  obvlooa  to  all  nmuklnd  as  that 
which  there  is  between  painting  or  other  plastic  arts,  and  the  power  of 
conceiving  ohjecu  In  the  mind.  Hence*  In  all  langnages  the  words  by 
which  this  power  of  tlie  mind  and  Us  various  modlflcatioos  are  expressed, 
are  analoglcul  and  borrowed  from  those  arts.  We  consider  tbts  power  of 
the  mind  as  a  plastic  power,  by  which  we  form  toourselves  Images  of  the 
objects  of  thought." 

**  In  vain  should  we  attempt  to  avoid  this  analogical  language,  for  we 
have  DO  other  language  upon  the  subject ;  yet  It  Is  dangeroos  aoid  apt  to 
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inUle&d.    All  analogical  and  figurative  word^  hare  a  double  meaolBg^" 
and  If  we  are  not  very  much  upon  our  guard,  we  Bllde  InsflDsIbly  from 
the  borrowed  and  flRiinitive  meaning  Into  the  prlmatire.     We  are  prooe 
to  carry  the  parallel  botween  the  thinK»<  compared  farther  than  it  will 
hold,  and  thuR  very  naturally  to  full  into  error." 

The  idealistic  method  of  philosophy  then,  both  Beid  and 
Stuart  re<rog:nize  to  be  essentially  of  the  visual  type.  All  the 
current  philosophiral  lan^ua^i^  is  8aturate<l  with  visual  therms 
and  becomes  perfectly  unint<elligible  when  employed  to  express 
the  phenomena  of  the  other  senses.  Natural  Realism  hiis  a 
great  truth  to  express  but  it  can  find  no  lanjjuajce  that  will 
express  it — Uie  visual  langnage  of  philosophy  will  grossly 
misrepresent  it.  This  is  the  general  criticism.  But  there  is 
one  central  point  in  which  this  visual  method  shows  it«  in- 
ado<iuacy  to  expi*e8a  the  truth  of  Realism,  and  iu  this  we  can 
make  the  first  step  towards  the  psychological  interpretation 
of  what  is  meant  by  immediate  perception.  The  place  where 
idealism  and  realism  pait  company  once  for  all  is  in  the  dis- 
tinction between  the  primary  and  secondary  qualities  of 
matter.  Idealism  makes  no  absolute  distinction  between 
them,  and  allows  both  aliketo  )«?  expressed  by  its  '*  ideas  *  *  or 
*' visual  inuiKca."  The  point  upon  which  Realism  insists  is 
that  there  is  something  iu  the  nature  of  the  primary  qualities 
that  absolutely  refuses  to  be  expressed  by  the  same  method 
that  expresses  the  nature  of  the  secondary  ones.  This  pecu- 
liarity is  '*  the  direct  ■ '  and  •*  distinct  notion  *^  which  we  get 
•*  of  what  they  are  in  themselves."  Dr.  Reid  expresses  5ie 
distinction  thus : 

**  Is  there  anythinj;  common  to  the  primary  which  IwloDgs  not  to  the 
eeeoodary  ?    And  what  ii  It  ? 

^' I  answer,  that  there  appears  to  me  to  be  a  real  foundation  for  the 
dUtlnctloD ;  and  It  is  this — that  our  senses  give  uk  a  direct  and  a  distinct 
notion  of  the  prlranry  qualities  .ind  inform  U8  irftat  thry  ar«  in  thrmKlve^. 
But  of  the  secondary 'qualities  our  senses  give  onlv  a  relative  and  obscure 
notion.  They  iuform  us  only,  tliHtthey  are  (juaUlies  that  effect  us  In  a 
certain  raauner--that  lii,  produce  iu  us  a  certain  sensation:  but  an  to 
what  they  are  in  themselves,  our  senses  leave  us  in  the  dark."— Reld's 
Collected  Writings*  edited  by  Hamilton,  (seventh  edition)  Vol.  1,  p.  313. 

This  *' direct  notion  of  what  things  are  in  themselves  "  is 
what  Reid  raejius  by  immediate  perception,  as  all  who  nre  ac- 
quainted with  bis  philosophy  will  know ;  and  from  the  above 
passage  we  learn  that  it  is  the  peculiar  type  of  knowledge  by 
which  we  know  the  primary  qualities  as  distinct  from  the 
secondary.  This  kind  of  knowledge,  he  maintains,  cannot  be 
reduced  to  the  mediate  type;  it  is  a  type  which  must  be  ex- 
pressed after  its  own  peculiar  fashion.  It  can  be  seen  from 
the  following  <)UOtation  from  Reid  that  what  is  really  meant 
here  is  tactual  perception.  Speaking  of  the  difference  between 
visible  and  tangible  magnitude  he  says  : 


'*  Snch  differences  in  their  propcrtlcB  led  Bishop  Berkelev  to  think 
that  vUlble  and  tauKible  nmf^nitade  and  figure  are  thlugg  totally  different 
and  dissimilar,  and  cannot  belong  to  the  tuame  object. 

*^Aiid  upon  thl.o  dUslnillttude  la  grounded  one  of  the  Btrongcftt  argu- 
ments by  which  his  system  Is  aupiwrted.  For  it  may  be  *ald.  If  there 
be  externa]  objects  wliich  have  a  real  exlennion  ana  lleure,  it  must  be 
either  tangible  extension  and  figure,  or  visible,  or  both.  The  first  ap- 
pears abtiurd ;  nor  was  it  ever  maintained  by  any  man  that  tlie  same  ob- 
ject has  two  kinds  of  extension  and  llgure  totally  dissimilar.  There  U 
then  only  one  of  the  two  really  In  the  object,  and  the  other  must  be 
Ideal.  But  no  reason  can  be  assigned  why  the  perceptious  of  one  senae 
■hoiHd  be  real,  while  thai><>  of  another  are  only  ideal ;    and  he  who  la 

gersuaded  that  tho  objeiits  of  «ight  are  ideas  only,  haa  equal  reason  Co 
Blieve  so  of  the  objects  of  touch. 

"'l*hls  argument,  however,  loues  all  its  force,  if  It  be  true,  aa  was 
formerly  hinted,  Chat  visible  figure  and  extension  are  only  a  partial  con- 
ceptlon,  and  the  tangible  figure  and  rxteuslon  a  more  complete  concep- 
tion of  that  llgure  and  exteui^lou  whlcli  is  really  In  the  object."— f«fay« 
on  the  Intellectual  Powert  of  Man,  Collected  Writings^  I,  325. 

In  this  pasHage  the  psyohological  interpretation  of  Reid's 
conflict  with  Berkeley  is  mode  very  clear.  Both  agree  that 
the  visual  and  the  tangible  worlds  are  incommensurable  as 
Buch,  yet  both  want  to  ^ve  the  world  a  homogeneous  expi-ea- 
sioD.  In  doing  tliis  they  part  coiupauy  ;  Berkeley  takes  the 
visual  world  and  makes  the  tangible  conform  to  itn  type; 
Keid  prefers  the  tangible  and  makes  all  confonn  to   its  type. 

But  we  <*an  make  a  moi-e  special  analysis  of  what  Natural 
Bealism  means  by  the  intuitive  conception  of  external  reality. 
Dr.  Keid  distinguishes  carefully  between  what  he  calls  his 
"conception"  of  hardness  and  the  **  sensation"  which  ac- 
companies the  touching  of  a  body. 

^*Let  a  man  press  his  hand  against  n  hard  body,  and  1i<t  him  attend  to 
ttie  sensation  he  feeU,  excluding  from  hif^  thought  everything  external, 
even  the  body  that  la  the  cause  of  his  (fueling.  This  abstraction  Indeed 
ts  dlfScult,  and  iteems  to  iiave  been  little,  If  at  all,  practised.  Bat  it  It 
not  impossible,  and  it  is  evidently  the  only  way  to  understand  the  nature 
of  the  sensation.  A  due  attention  to  this  senaation  will  satisfy  htm  that 
It  Is  no  more  like  hardness  in  a  body  than  the  sensation  of  sound  Is  like 
vibration  fn  tlic  sounding  body. 

*M  know  of  no  ldea<4  but  my  conceptions;  and  my  ideas  of  hardness  In 
a  body  U  the  conception  of  such  a  cohesion  of  Its  parts  as  requires  great 
force  to  displace  them,  I  have  both  the  conception  and  hi>tlef  of  thl^ 
quality  In  the  t>ody,  at  the  same  time  that  I  have  the  sensation  of  pain 
bv  pressing  my  nand  against  it.  The  sensation  and  perception  are 
closely  conjoined  by  my  constitution,  bnt  I  am  aure  they  have  no  simili- 
tude ;  I  know  no  reason  why  one  should  be  called  the  Idea  of  the  other, 
which  does  not  lead  us  to  call  every  natural  effect  the  idea  of  Its  cause.** 
— Reld's  Collected  Writings,  edited  by  Hamilton,  Vol.  I,  p.  317. 

He  presses  his  band  against  a  hard  Ix>d5*,  he  feels  certain 
Bensations  in  bis  hand,  temperature  feelings,  muscular  feel- 
ings, feelings  of  fatigue,  feelings  of  one  part  pressing  against 
anotiier,   all  of  which  he  recognizes  as  some  aflection  of  bf 
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band  and  which  he  is  pleased  to  call  by  the  name  of  * '  sensa- 
tion.'' But  none  of  these  gives  him  the '*  conception  "  of 
hanlni'ss ;  what  he  means  by  hanlness  is  something  very 
diffei-eut  and  foreign  to  all  of  them.  Yet  m'companying 
these  *'  sensations  ^*  he  K^t*  this  '*  conception  ■*  of  hardness ; 
he  getA  it  at  the  same  time  that  be  gets  the  subjective  feeling 
in  his  hand  ;  he  knows  not  how,  he  simply  gets  it.  Now  does 
not  all  this  look  very  much  as  if  that  which  tteid  called  * '  con- 
ception "  of  hardness  was  jnat  the  special  sensation  of  tonch  I 
He  did  not  know  tliat  there  was  snch  a  thing  as  a  spe<Mal 
sense  of  touch  distinct  from  those  other  feelings  which  apjje^ir 
as  affections  of  the  skin,  and  what  is  more  likely  than  that 
he  should  christen  the  feeling  which  he  got  from  it  by  sucb  a 
name  as  •*  intuitive  contteption  t ''  Rut  all  this  will  be  made 
clearer  and  more  conclusive  by  the  following  passage: 

**  There  Ic,  nu  doubt,  a  Aensatloo  far  which  we  perceive  a  body  Co  be 
hard  or  9oft.  This  tteosation  of  hardDess  may  cusily  be  had,  br  pre»- 
Bing  one'fl  hand  against  the  table,  aad  aticudinV  to  the  feelloK  (hat  ea- 
BUfK,  totting  aiaiili',  H»  much  an  poealble,  all  thought  of  the  Cable  and 
Its  quatlMes,  nr  o(  any  externtti  thing 

**  There  are.  iudeed.  some  ca»c*,  wherclu  It.  Is  no  dltltoult  matter  to 
att«ud  to  the  een^atton  occasioned  by  the  harduess  uf  a  body;  for 
iDBtaDce,  when  It  U  so  violent  as  to  oucadlon  considerable  pain':  then 
nacnro  eitllit  upon  m  to  alteud  to  It,  and  then  we  acknowledge  that  It  Is 
a  mere  laenynrlon,  and  can  only  be  In  a  !>entlent  t)eing.  If  a  man  runs 
his  head  with  violence  ngainst  a  pillar.  I  appeal  to  him  whether  the 
pain  he  fcclp  ref^cmbleg  the  hardrips^  of  the  ntune,  or  If  he  chw  conceive 
ai-'ythlug  like  what  he  feels  to  bo  in  an  Iniinlnmte  piece  of  mutter. 

"The  attention  of  the  mind  U  here  entirely  turned  towanU  ttic  pain- 
ful fef  linfi;;  and.,  to  epeak  In  the  common  liiiiguage  of  mankind,  he  feels 
nothlDff  in  the  Btoiie,  btt  feeln  h  vlolt^nt  pain  In  the  head,  tt  Ifl  qalte 
otherw-ise  when  he  leans  hi*  bend  gently  agalnet  the  pillar;  for  then  he 
will  tell  vnu  that  he  feels  nothing  In  hi»  head,  but  feeU  hardness  In  the 
Btone.  Halh  he  nut  a  Hf^ncation  in  (hie  ca^e  as  well  as  In  the  other? 
Undoubtedly  be  hath;  but  It  Is  a  !>en<>Btlon  which  nature  Intended  only 
as  a  sign  of  &umeihinK  in  the  fiioue;  and,  Hccordiutcly*  he  Inslautly 
ftzes  hlH  allention  upon  the  thins;  MtEniAfd:  and  canmit  withnut  great 
dUflculCT,  attend  i^o  nmch  to  the  «en»arion  a*  to  be  persuaded  that  there 
tsanynuch  thing  distinct  from  the  ba,rdni't!fi  It  RlgnideB. 

"  But,  however  difficult  it  may  be  to  attend  to  this  fujfitive  fenRatlon. 
to  stop  its  rapid  progress,  and  to  di^jniu  It  from  the  external  qtiallcy  i>f 
hardness,  in  nhotte  .shadow  it  I?  apt  Immediately  to  hide  it<ielf;  this  is 
what  a  philosopher  by  {miuti  and  practice  mu^i  attain,  otherwise  It  will 
be  impossible  for  him  to  reanfm  justly  on  this  subject,  of  even  to  under- 
stand what  Is  here  advanced.  Vor  *the  la^t  appeal,  in  subjects  of  thU 
nature,  must  be  to  what  a  man  feels  and  perceives  in  bis  own  mind. 

"  It  Is  indeed  strange  that  a  sensation  which  we  have  every  time  vo 
feel  a  body  hard,  and  which,  consequently,  we  cau  command  aa  often 
and  continue  as  Ion;;  as  we  plea?e,  a  sensation  as  dii«tinct  and  as 
dPt(Tmiimte  ah  any  nther,  should  yet  he  so  much  unknowti  «*  never 
to  have  been  made  an  object  of  thought  aud  reflection,  nor  to  have 
been  honored  v.-ith  a  name  Id  any  language;  thai  philosophers,  as  well 
as  the  vulgar,  should  have  entirely  overlooked  it,  or  confounded  It  with 
that  quality  of  bodies  which  we  call  hardM«s,  to  which  it  hath  not  the 
least  similitude 


FOtrNBATION  OF  REALtB^r. 


443 


*^The  flrm  cnhe^loo  of  the  partn  of  a  body,  i?  nn  more  like  that  fiea- 
utlon  by  which  I  p«iveive  It  to  be  hard,  tbaa  the  vlbrutloD  of  a  oooomua 
body  i«  like  the  »ouud  I  hear:  nor  can  I  poaslblypercelve,  by  my  reaaou, 
aoy  connection  beiweeo  the  oue  aud  the  other.  No  iiiati  cau  givo  a 
rea«OD,  why  the  vlbnittou  of  h  body  inltpht  not  have  t^lvea  the  aeDiation 
of  sQiclHiig,  and  the  cttiuvla  of  bodies  alTected  our  healing,  if  tt  had  so 
pl««8ed  our  Maker.  la  like  manner,  no  man  can  give  »  reason  why  the 
MOMttoDS  of  smelt,  or  taste,  or  sound,  mi^ht  not  have  Indicated  hard* 
nesft.  aa  well  a«  that  aenftutloa  which,  by  our  coiintUutlou,  does  Indicate 
It.  Indeed,  no  man  can  conceive  any  sen4ntlon  to  resemble  any  known 
quality  of  bodies.  Xor  can  any  man  show,  by  any  good  ar^uuii'ut,  that 
ftll  our  BOQBatlons  mieht  not  have  been  as  they  are,  though  no  body, 
nor  quality  of  body,  had  ever  existed. 

'*  Here,  then,  U  "a  phenomenon  of  human  nature,  which  come?*  to  he 
resolved.  HardoeEt^  of  bodies  Is  a  thing  that  we  conceive  as  dlnlncily, 
and  believe  as  llrinly.  ha  anything  In  nature.  We  have  no  way  of 
coming  a!  this  conc»*plion  and  belief,  bul  by  means  of  n  certain  »en»a< 
tlon  of  touch,  to  which  hardnoit^  iiatli  not  the  lc»fit  »lnilll(ude;  nor  can 
we,  by  any  rulen  of  reHaonliig.  infer  the  one  from  tlie  other.  Hie  ques- 
tion i* ;  How  we  come  by  thi«  conception  and  Iwllef  t 

'^  First,  as  to  the  conception  :  Hhall  we  call  It  nn  Idea  of  «en9atlon,  or 
of  reflection?  The  ia.>«t  will  not  be  alflrmed;  aud  a^  little  can  the  flrftt, 
UoleBfl  we  will  cull  that  an  idea  of  «eu!iallon  wtiU-h  hath  no  rei«cmblitnc« 
to  any  senaatlon.  So  that  the  origin  of  this  Idoa  of  hardne.aft.  onenf  the 
moet  common  and  niOHt  dUtinct  we  have,  U  not  to  be  fnutul  in  all  our 
system  a  of  the  mind:  not.  even  In  tho^e  which  have  so  copiously  eu* 
deaYourod  to  fleduce  all  our  docIou^  from  senaatlon  aud  reflection. 

*'*  Bur,  Hocundly,  9U|>po»lug  we  have  got  Che  conception  of  hardness, 
how  came  we  by  the  beiief  of  It?  I3  It  Mlf-evident  from  comparing  the 
Ideas,  thut  such  a  teufNilon  could  not  be  felt,  unleit<i  such  a  (jniillty  of 
bodies  ex i«C('d?  No.  On  it  be  proved  by  probable  or  certain  argu- 
ments? No;  It  cannot.  Uavc  we  got  this  belief,  then,  by  tradltlou,  by 
education,  or  by  experience?  Xo:  It  Is  not  got  In  anv  of  these  waya. 
Shall  we  then  throw  oft  thi.x  belief  a^  having  no  foundation  In  res'^oa? 
Alas!  it  is  not  In  our  |>ower;  It  triumph**  over  reason,  and  laugha  at  all 
the  argumeais  of  a  phlloAopher.  Kveu  the  author  of  the  *' Treatlae  of 
Humau  Nature."  though  he  caw  no  reasini  for  thl^  iH'tief,  but  many 
against  It,  could  hardly  conquer  It  in  his  ^peculutlve  aud  solitary 
raomcnti.;  at  other  tinie.^,  he  fairly  yielded  to  It,  uud  euufec^in  that  he 
found  lilm«vlf  under  a  ntvessUy  to  do  ho. 

**  WliHt  shall  we  e&y  ttien  of  thU  cnueeptlon,  and  this  belief,  which 
are  so  unaccountable  and  uulractable?  I  fiee  nothing  left,  hut  to  con- 
elude,  that,  by  an  original  prhiolple  of  our  cont-tituilon.  a  certain  aenita- 
tioD  of  touch  both  suggest!  to  the  mind  the  coaeeptinn  of  hnrdneaa, 
and  createa  the  iHtlief  of  It." 

*'  What  hath  tfHcn  snid  of  Imrdnesa,  Is  so  eaMty  appllcnble.  nnt  only  to 
ItA  op|>o«lt*'.  «nftnese,  but  llkewi4e  to  roughness  and  <iinoiiibnes»,  to 
figure  and  niotiou,  that  we  may  be  excused  from  inaklntc  the  appilca- 
ttun,  which  wmild  ooly  be  a  repetttlnn  of  what  hnth  iM'en  "nld.  All 
these,  by  means  of  certain  corresponding  sensatlnns  of  touch,  are  pre- 
sented 10  the  mind  as  real  external  qualities;  the  iimceptioit  and  the 
belief  of  thfMi  are  Invariably  eunueited  with  th*3  corre«po[)dlng  sensa- 
tions, by  an  orlgluil  principle  of  human  nature. "—/nQHiry  into  tk« 
HuHMH  ilind,  Cullccled  Writing*,  Vol.  I,  p.  li<). 

In  thin  pannage  thei-<'  an-  notir<*aIdH  two  special  poiiifM  in 
which  there  is  a  most  Rtriking  rcsemhlaiic©  biMwtM*n  Iteld'A 
'*iDtuIt1oQ  of  the  pHniiiry  i|ualirip8*'  tinJ  the  speciiil  Hciuie  Of 
contact.     1.  In  orUer  to  get  tUo  «eu»utiou  of   eonUkOt  i.'"*^F**^ 
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th«*re  moBt  be  a  certain  amonnt  of  pressure  on  the  skin. 
the  pressure  is  very  li^lit  we  get  the  **  tickle  "  sensation.  On 
increasing  the  pressure  within  certain  limits  we  get  the  sensa- 
tion of  coutatt  proper — the  feeling  which  is  of  the  nature  of 
the  •'  hard  kernel."  On  incre^isiug  the  pressure  still  farther 
•we  get  the  more  subjective  tj^pe  of  feelings,  muscle- sense,  pres- 
sure of  the  muscles  against  one  another,  tendon  sensations 
and  perhaps  "innervation  feelings,"  pain,  etc.  Now  Beid, 
in  this  passage,  is  very  (-areful  to  make  plain  tliat  his  "intni- 
tion  "  only  accompanies  that  degree  of  pressure  which  is 
within  the  limits  of  the  sense  of  contact.  Can  we  desire  any 
more  conclusive  circumstantial  evidence  that  this  indefinable 
**  conception -^  or  **  Intuition  "  is  just  the  specific  sense  of 
touch?  2.  The  characteristic  which  most  clearly  distin- 
guishes the  sense  of  touch  from  all  other  senses,  is  that  it  is 
the  final  and  ultimate  apjieal  to  re4ility.  The  reality  which 
we  get  by  all  other  senses  has  the  characteristic  of  being  in- 
fertinfial — we  always  can  reason  as  to  the  real  existence  of 
what  they  iuform  us  about^ — we  can  doubt  its  i*eality  and  often 
have  reason  to — but  the  reality  of  touch  is  ultimate;  we  can 
have  no  proof  of  it ;  it  is  its  own  proof,  its  reality  is  given 
immediately.  The  interest  of  touch  is  always  practical,  and 
never  speculative.  There  is  no  separation  of  the  sensation 
from  the  belief.  How  all  this  came  about  according  to  the 
principles  of  natural  selection,  we  saw  before.  Now  this  is 
just  the  character  of  Keid's  "  Intuition  '"  of  the  real  world. 
Reason  or  reflective  thought  may  deny  it,  may  ignore  it,  in 
its  philosophical  seclusion  from  active  life,  but  in  real  life,  in 
practical  life,  il  laughs  at  reason.  This  "belief-  type  of 
knowledge,  which  was  before  shown  to  be  the  s^vecial  charac- 
ter of  the  ''touch"  type,  is  the  characteristic  which  distin- 
gnisbes  Natural  Kcalism  as  a  distinct  system  of  philosophy; 
this  can   be  seen  fi'om  many  such  passages  as  the  following: 

^^  We  know  what  rests  on  reiison.  but  b«lleve  whnt  rests  on  aathorlty. 
But  reftsou  lt»elf  must  at  last  rest  on  authority,  for  the  orleinftl  data  of 
reason  Uo  not  re>*t  on  reatton.  but  are  tiecesMrily  accented  by  reason  on 
the  authority  of  wliat  is  beyoiui  iL.«elf.  'ITiewe  data  are  tnererore,  in  rigid 
propriety,  iieliclri  or  'Iruat?.  'V\im»  it  \^  that  in  the  last  resort  we  must 
perforce  philosophically  admit  that  belief  is  the  primary  condition  of 
reason,  and  not  reason  the  ttltinate  ground  of  belief."  *^'The  u]tiaiat« 
facts  of  cousclotisness  are  given  Icbb  tn  the  form  of  eognltlonB  than  of  be- 
liefs. Cousciousuess  in  its  laet  analvels — In  other  wonls.  our  primary 
experience— Is  a  faltb.  We  do  not  lu  propriety  know  that  what  we  are 
compelled  to  receive  as  not  self  ia  not  a  perception  of  fteU ;  we  can  only 
on  reflection  bfliete  each  to  be  the  CHf^e  i«  rfUancf  on  the  i>ri'jinal  ntcesMitf 
of  to  believers  imposed  on  tus  by  nature.'* — Hamilton,  DiscvMiona^  p.  86. 

Sir  William  Hamilton  agrees  with  the  fundamental  princi- 
ple of  the  doctrine  aa  laid  down  by  Reld  and  Stuart.      He  re- 


tains  the  doctrine  of  immediate  perception  but  with  some 
modification^  The  change  which  he  makes,  stated  in  a  woi*dr 
consiRta  in  narrowing  down  the  amount  of  non-ego  or  external 
reality  perceived,  and  the  particular  way  in  which  he  does 
this  makes  the  evidence  all  the  stronger  that  the  'Mm- 
mediate  perception  *■  is  in  its  nltimate  analysis,  the  sense 
of  contact.  The  tendency  of  Reid  in  his  uncritical  en- 
thusiasm over  his  great  truth,  was  to  regard  the  immediate 
type  of  knowledge  as  extending  over  a  very  lai^e  area  of 
thought,  but  Hamilton  is  more  critical  and  makes  an  effort  to 
find  out  its  original  meaning  and  to  what  particular  sphere  it 
belongs.  To  what  extent  do  wc  have  this  Intuitive  perception 
of  external  reality,  he  asks,  and  what  are  the  sole  conditions 
on  which  it  is  possible?  He  discovers,  in  answer  to  this, 
that  the  object  of  iierception,  in  so  far  as  it  is  a  quality  of  the 
extra-boilily  world,  is  that  which  is  in  amiorl  with  the  organ 
of  sense.  '•  An  external  object  is  only  perceived  inasmuch  as 
it  is  in  relation  to  onr  sense,  and  it  is  only  in  relation  to  our 
sense  iniusmnch  as  it  is  present  to  it."  The  only  way  any  rval 
external  thing  can  affect  ns,  is  by  actual  contact.  The  only 
terms  in  which  reah'ft/  can  express  itself  as  such,  are  terms  of 
contact.     A  few  quotations  will  make  this  clear. 

"We  perceive  through  no  sense  aoKhc  external,  bat  what  U  !ti  Imme- 
diate relailou  and  In  inimedlflte  couia<t  with  tu  organ;  and  that  U  true 
which  Deuioerltus  of  old  a^^erU'd,  that  all  our  #enftert  are  only  modifica- 
tions of  touch.  Throuj^b  the  eye  we  perttlve  nothing  but  the  rays  of 
light  in  relation  to,  and  Id  eoncact  with  the  retina;  what  we  add  to  this 
perception  must  not  be  taken  into  account/' — Mttaphy^Um^  Lecture  XXV. 

"^To  say  that  wo  perceive  the  sun  and  moon  Is  a  false  or  elliptical  ex- 
prc8F>ioQ.  We  perceive  nothlnfr  but  certain  modtflc&tiona  of  llgtil  In  Im- 
mediate relation  to  oar  organ  of  virion,  it  U  not  by  perception,  but  by 
Aproceas  of  reaAonitif;,  that  we  connect  ih«*  objeuta  of  sense  with  ex- 
istence beyond  thf?  iiphere  of  immediate  knowledge.  It  Is  enough  that 
perceptton  aflbrds  us  the  linuwIedKc  of  the  non-effo  at  the  pvint  ofa^nse. 
TO  arrogate  to  it  thp  power  of  immediately  lriformlD({  ua  of  extcrnul 
things  which  are  ooly  the  causes  of  the  object  we  immediately  i>eroelTe» 
Is  either  positively  erroneous  or  a  coafuslou  of  lanKuafe." — MruxphttncM, 
I^ture,  XXVII. 

Is  this  not  a  strong  point  then,  in  favor  of  the  fK>sition  we 
are  trying  to  support,  that  the  mo&t  acnle  representative  of 
the  doctrine  of  Natural  Kealisni,  should  find  the  only  possi- 
bility of  a  direct  knowledge  of  external  reality,  in  the  one 
sense  of  contact  t 

Very  closely  allied  to  the  sense  of  contact  is  the  muscle 
sense.  We  always  find  the  most  highly  develope<l  tactnal  ap- 
pendages also  the  most  mobile,  and  it  is  quite  true  that  loco- 
motor sensations  play  a  great  part  as  concomitants  to  the 
sense  of  touch  in  making  up  our  Icnowleilge  of  the  external 
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world.  But  tonch  nevertheless  pives  ns  the  essenfiaTJe^tnTe 
of  onr  world  ;  it  Hupplies  the  content,  as  waa  indicted  before 
by  the  ex])eriment  of  Landry.  The  uuiscle  nense  may  help  ns 
to  say  that  there  is  an  external  world,  but  it  is  the  sense  of 
contact  that  says  what  world  it  is.  Ck)nsidering-  this  close 
alliance  and  co-paitnership  between  the  two  senses,  we  mij^ht 
expect  a  tendency  on  Uie  part  of  Natural  Healisni  to  explain 
the  notion  of  external  reality  on  the  basis  of  the  sense  of  re- 
sistance to  efioit.  And  this  is  just  what  we  find.  Hamilton 
in  his  later  writiujrs  driXtH  towards  this  idea.  Yet,  in  his 
case,  it  is  qnitp  evident  from  hi-i  doctrine  as  a  whole,  that 
what  he  really  moans  is  n^istance  pbt:t  r.onfarf.  Just  in  so 
far  as  he  would  mean  simple  muscular  resistance  without  the 
sense  of  cont^ut  lie  would  not  l>e  a  Natural  Kealist,  as  is  well 
seen  in  the  following  criticism  by  Pi*ofcfisor  Veitch,  a  typical 
Natural  Realist,  on  this  very  tendency  of  Hamilton's  lat«r 
thoughts : 

**It  ia«L>in§  doubtful  nlictlicr  the  npprebeueioD  of  resistance  or  of  a 
rcflstiDg  something;  a?  extra-organtc  In  the  locoiuotlve  effort  U  0tccxl  or 
Bufilclent  to  give  the  iuCultlou  of  exteoslon  or  ad  exteuded  thing.  Tli« 
intuition  of  resistance  might  be  quite  well  satistted  bra  force — a  degree 
or  Intenfiion  of  force — hi  correlation  witli  iho  organUni.  Klectriclty 
would  be  ftullUifiit  to  iininrde  the  locomotive  effort;  yet  we  t-hoald 
hardly  regard  this  as  adequate  to  give  us  the  Intuition  of  an  extended 
object,  though  It  might  b'^  apurehcuded  as  external.  These  coneldera* 
tfons  tend  to  ^how  chat  the  locomotive  power  haa  received  somewhat 
exaggeratrd  importance  as  a  factor  In  our  apprehension  of  extrm* 
orgaDle  objects.  The  three  sources  of  knowledge— Contact,  Prei»Purc» 
ana  IxH'oniotion — neem  to  me  to  he  n-quirod  to  go  together,  and  yield 
a  conjoint  result,  ere  we  can  form  the  complex  notion  of  body, — as 
external,  extended,  and  refilfttlng." — Vkitch,  Hamilton,  Blackwood's 
PhlloBOphicai  ClasBica,  141,  Glasgow  1$88. 

The  external  world  for  which  the  Scottish  philosophers  are 
coutendiUK,  then,  is  not  a  world  that  can  be  inferred  from 
mu.scular  rt^sistance;  it  may  be  kuown  in  connection  with 
this  resistance  but  is  not  ^lerivable  from  it.  This  point  is 
brought  out  even  more  emi>baticaUy  in  the  criticism  of  Na- 
tural Rt-alism  proper  on  the  doctrine  of  Inferential  Realism 
as  given  by  Dr.  Thomas  Brown.  The  pith  of  Brown's 
doctrine  can  be  seen  from  the  following  quotation  : 

*'  To  what,  then,  are  we  to  axerltx!  the  belief  of  external  reality  widoh 
now  accompanies  oar  sensations  of  touch  ?  It  ap[>ears  to  me  to  depend 
on  the  feeling  of  resistance,  which,  breaking  In  without  aoj  known 
cause  of  difference  on  an  accustomed  seriefi  of  feelings,  and  combining 
with  the  notion  of  exteuBion,  and  contequently  of  dlvfilbllity,  previously 
acquired,  furuit^hes  the  elements  of  that  compound  notion  which  we 
term  the  notion  of  matter.  Extension  and  resistance — to  combine  the»e 
simple  notions  in  nomething  whicJi  is  not  oumelvfi.  and  to  have  Che  uotiun 
of  matter,  are  precisely  the  same  thing." — L.  XXIV.,  p.  ISO. 


The  following  is  the  criticism  of  Natnral  Realism  as  given 
by  Professor  Veitch : 

^'Tbls  is  a  oiug^ulftr  and  Klarinjc  »|)«cimeD  of  petUio  prfnctpii.  Wheaoe 
onr  belief  lo  eiternnl  ornon-meDtiil  existence?  Extension  ftnd  resistance 
are  *' feelings,"  "notions.'"  subjective  states  merely.  These  combined 
can  but  constitute  a  more  complex  mental  state.  Tbl4  U  not  an 
external  reality,  —  it  Is  not  the  mntcer  Brown  Is  in  search  of. 
But  he  quietly  add*,  "to  combine  these  simple  notions  In  somo* 
thinfc  wlilch  U  not  onrselvefk,  nnd  tn  have  tlie  notion  of  matter, 
•re  preclwelv  the  same  tbioK."  Bat  when  and  how  do  we  get 
tbto  ^'someiiilng  which  Is  not  ourselves/'  this  "something"  which 
la    over  and    atx»ve    our    sensations?     lids    is    not    explaiutrd;    It    U 

gssumpd But    Brown's    inference    of    a    cause    of 

refilsUnce  in  something  that  is  not  self,  is  wholly  unwMrraoted  on  the 
premises  and  by  the  process  here  given.  (1)  Ji  is  supposed  to  be  reached 
on  the  principle,  assumed  to  be  lutuUive,  of  similar  aniecedenti  having 
similar  coniU'queutii.  When  ancecinieutJi  arc  similar,  confiequcnta  are 
eimlUr;  true,  hut  for  all  this  there  may  be  events  which  have  no  ante- 
cedents at  all  Id  the  ca^^e,  It  will  be  in  virtue^  first  of  all,  >rf  the  princi- 
pie  that  every  event  or  change  In  our  experience  haa  a  cause — a  cause  of 
some  sort,  'i'hls  pritiiiple  ur  neceasity  v^  not  Involveil  In  the  principle, 
that  where  Hntecedeuts  are  similar^  consequents  are  similar;  on  the 
contrary,  this  latter  principle  H  founded  on  the  other  oa  one  at 
leaat  of  \l»,  essential  elements.  (3)  But  if  we  carry  out  our  in- 
ference on  the  principle  of  diflference  of  antecedent  from  difl'ercnce 
of  cons4*quent,  the  antecedent  Inferred  will  still  necesftarily  be  one 
within  our  experience,  not  a  sometiilng  wholly  unknown  to  us, 
of  nhicb  we  cannot  predict  ehher  afflrtnatlvely  or  negatively.  I 
have  the  fe*.'llng  of  resistance;  I  Icnow  nothing '  more;  I  have  do 
right  to  fipeak  of  •'  some  object  opposed  to  aw."  Tliia  is  to 
Introduce  an  oltject  which  U  not  a  aensatioo.  But  why  speak  here  of 
&D  antecedent  Mt  all '(*  Therein  even  no  antecedent  in  lime  here.  The 
feeling  of  reslsinnct*  U  not.  ex  hypothesi,  preceded  in  my  states  of 
coofciousness  by  anything  I  know,  or  any  state  of  consciousness.  It 
arises  euddenlyi  iim-xpecredly.  from  nothing  known  to  me  that  lias 
gone  beJore.  ]  have  no  kuowii nutecedeut  to  fail  back  upon:  and  as  my 
whole  knowledge  oi  con^clousneiift  In  the  matter  Is  limited  to  anteoe* 
dents  which  are  stales  of  my  own  mind,  I  ought  naturally  lo  mtU  the 
antecedent  among  the^e,  not  In  the  wholly  new  notion  of  something 
opposed  10  me.— some  object  which  Is  not  myaclf,— an  object  which 
transcends  alike  my  experience  and  my  knowledge.  If  I  do  reach  this 
notion.  I  ciTtalnly  do  not  g«'t  It  by  the  principle  of  the  similarity  of 
sequence  l>Plween*aiitecedents  and  cou^equeutit.  And  just  as  llille  can 
I  reach  It  hy  ttiK  iirliiclpl**  of  I'Msuallty.  'I'hls  principle  mlgtit  tell  me 
there  in  a  cause  of  the  feeling  of  re«iPlnTice;  It  could  never  tell  me  wAof 
that  cause  is.  or  give  to  me  the  new  notion  of  a  particular  cauj^e.     .     .     . 

Any  form  of  cause — spiritual  or  material  ulike—satlAflM 

the  Idea  of  cause.  How  then  can  I  thus  account  for  iMft  belief  In 
corporeal  substance  dii^tinct  from  mvself.  Obviously,  the  whole  process 
ti  a  mere  fallacv-  And  If  we  Itavc  this  belief  whicli  Brown  assumes.  It 
never  aro^e  In  the  way  he  sup|M)^c»  It  did.  We  have  no  sllernatWe  but 
to  retrace  our  steps,  and  to  admit  with  liamllton  that  we  have  Illegitim- 
ately rendert-d  the  liiiiiiiMlUir  I'frifptlon  or  InluUlun  of  the  ext<>rnal 
object  from  the  Irresistable  Iwllef  in  It;  that,  lo  fact,  we  believe  In  an 
outward  world  In  space  because  we  know  an  outward  world  there,  and 
believe  that  we  know  It.** — Veituh,  HQmiUvn^  Bla^-kwoods  l'hllo.-t(:iphicHl 
ClftMlca,  168,  Glasgow  1S88. 
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Let  as  stop  here  with  the  consideration  of  the  more  partirn' 
lar  points  of  evidence,  and  let  us  look  at  the  whole  matter 
from  H  general  staudi>oint.  From  the  main  charact4-'ri sties  or 
general  symptoms  of  the  doctrine  of  Natural  Realism,  what  is 
it  that  we  find?  Here  is  a  peculiar  doctrine  of  the  perception 
of  the  external  world — the  statement  of  a  peculiar  type  of 
perception.  The  essential  feature  of  the  world  known  by  this 
kind  of  perception,  is  that  it  is  not  deducible  or  derivable 
from  anything  that  we  know;  it  is  not  derivable  from  the 
feeling  of  muscular  movement,  resistance  to  muscular  move- 
ment, nor  from  any  possible  combination  of  any  of  the  sensa- 
tions which  accompany  it;  it  is  known  diitctly  and  in  it<6elf» 
its  own  nature  is  the  ouly  thing  that  can  define  it.  Now  of 
whatar*^  these  the  symptoms  t  Psycholog>'  only  knows  of  ooe 
thing  in  psychic  life  which  presents  these  same  marks,  and 
that  is  what  it  calls  the  "  special  sense/'  The  special  phe- 
nomena of  the  sense  of  sight  though  scientifically  ex)}fained  by 
the  notion  of  waves  of  ether,  can  never  be  dednoed  from  such  a 
notion,  or  known  in  any  other  way  except  by  means  of  *  'seeing.'' 
Does  not  this  peculiar  kind  of  perception  of  Natural  Realism 
then,  look  very  much  like  perception  by  some  special  sense  t 
Supposing  that  we  take  for  granted  that  it  is  so,  is  there  any 
further  evidence  on  the  matter  T  Is  there  any  evidence  which 
goes  towards  defining  what  that  si>eciiil  sense  is  1  From  the 
passages  already  quotetl  it  is  evident  that  the  sphere  to  which 
this  realistic  perception  originally  belongs  is  thr  knowledge  of 
the  primary  qualities  of  matter ;  that  it  originally  and 
pro]>erl3'  accompanies  ceitain  sensations  of  the  skin  ;  that  the 
proper  conditions  on  which  it  occurs,  are  identical  with  the 
conditions  which  by  experiment  have  been  found  necessary 
to  the  specific  sensation  of  contact ;  and  lastly,  that  the  essen- 
tial feature  in  the  content  of  this  perception  is  identical  with 
the  content  of  the  special  sense  of  touch.  Is  it  not  likely 
then,  that  what  the  atlvocates  of  Natural  Realism  re;Llly  meant 
by  the  ininKHliate  perception  of  rtiiility  was,  though  indeed 
they  were  far  from  being  aware  of  the  fact,  nothing  more  or 
less  than  tactual  perception  !  If  we  did  not  know  that  there 
was  such  a  thing  as  the  special  sense  of  sight,  and  if  all  we 
knew  in  connection  with  visual  perception  as  sensation  were 
the  muscular  sensations  of  the  eye,  it  is  quite  probable  that 
we  would  have  a  whole  system  of  philosophy  equal  to  that  of 
Natural  Realism  and  full  of  magic  categories,  all  built  up  for 
the  purpose  of  explaining  the  simple  peculiarity  of  visual 
phenomena.  And  from  the  considerations  which  have  just 
been  enumerated  it  is  reasonable  to  suppose  that  on  jnst  such 
principles  has  the  central  principle  of  the  philosophy  of 
Natural  Realism  been  established  for  the  purpose  of  express- 
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ing  the  pecniiar,  specific  natare  of  the  special  phenomena  of 
touch. 

The  results  may  be  summarized  briefly  as  follows: — 
1.  There  is  a  general  distinction  btrtwecu  reflective  and  prac- 
tical thought,  the  characteristic  of  the  latter  being  that  it  con- 
sists in  a  great  cx)n»plexity  of  reactions  to  the  belief  in  an  ex- 
ternal reality.  2.  The  psychological  foundation  of  this  prac- 
tical sphere  of  thonght  can  be  found  in  the  sense  of  tench. 
3.  The  conception  of  contact  has  great  influence  on  scien- 
tific hypotheses.  -4.  Owing  to  the  current  method  and  lan- 
guage of  philosophy  tlie  influence  and  importanc<^  of  touch  in 
tiiis  sphere  is  not  so  apparent  and  has  for  the  most  part  beea 
overlooked,  but  there  is  one  system  in  the  history  of  philos- 
ophy whicii  has  endeavored  to  assert  its  claims,  via:  Natural 
Bealism.  What  the  Scottish  philosophers  Reid.  Stuart,  and 
Hamilton,  were  striving  to  express  in  their  doctrine  of  **  im- 
mediate perception  "  of  external  reality  was  really  tactual 
I>erception. 

Valuable  suggestions  can  be  drawn  both  for  psychology  and 
for  philosophy.  From  the  psychological  side  we  see  the 
pressing  need  of  a  thorough  investigation  into  the  dermal  au<l 
locomotor  senses.  These  undoubtedly,  form  the  greater  part 
of  the  basis  of  practical  life,  and  yet,  uninvestigated  and 
without  language  in  which  to  assert  their  importance,  they 
are  almost  wholly  overlooked  in  the  current  interpi-etations. 
The  language  of  touch  is  at  best  very  vague  and  general. 
Moreover  it  is  not  indigenous,  but  formed  analogically  from 
the  terms  of  other  senses.  What  it  needs  is  a  language  of  its 
own,  and  the  way  to  this  is  obviously  by  the  methods  of  ex- 
■  perimental  psychology  and  a  study  of  the  evolution  of  the 
^senses.  The  variety  of  senses  included  under  what  is  gener- 
ally termed  the  tactuomotor  senst^  must  Ix)  separatcHl  by  ex- 
periment, the  special  nature  and  function  of  each  determined, 
and  the  primitive  history  of  their  relations  to  life  and  the  other 
senses  thoroughly  investigated. 

From  the  side  of  philosophy  we  can  in  the  first  place  agree 
with  the  Scottish  philosophers  that  the  philosophical  systems 
current  at  their  time,  systems  founded  on  the  Lockian  theory 
of  ideas,  were  one-sidcil ;  that  iJjcy  were  const  rucle<l  almost 
wholly  out  of  analogies  taken  from  visual  phenomena  and  con- 
sequently unintelligihlo  and  self-contradictory  when  employed 
in  the  expression  of  truths  rec-eiveU  by  means  ot  other  senses. 
Natural  Realism  had  a  great  truth  to  impress  upon  the  world, 
but  owing  to  the  corruption  of  philosophical  method  and  lan- 
guage it  failed  to  get  a  hearing.  It  has  been  eclipsed  in  the 
history  of  philosophy  by  other  apparently  more  attractive 
systems,  not  owing  to  the  fact  that  they  had  the  balance  of 
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trath  on  their  side  bat  that  they  bad  t^e  balance  of  langaai^. 
But  the  above  results,  I  tbiuk,  suggest  a  further  and  mon 
important  question  as  to  the  method  of  philosophy  as  a  whole. 
If  the  fundamentAl  category  of  the  Lockiao  school  of  philoso- 
phy, the  "  idea/'  is  really,  as  Keid  and  Btnart  snggeeted.  the 
"visual  ira;i(re/*  and  if  the  central  category  o!  the  Scottish 
school,  "intuition  "  or  **  immediate  perception '-  of  reality  is 
tactual  perception,  are  we  not  led  from  this  at  least  to  hope 
for  the  possibility  of  finding  a  similar  psychological  statement 
for  the  chief  categorieH  underlying  all  systems  of  philosophyt 
Already  it  is  generally  admitted!  among  philosophical  critics 
that  very  large  portions  of  every  system  of  philosophy  have 
a  psychological  foundation  in  the  character  of  the  age,  nation 
and  individuiil,  and  is  it  not  equally  probable  that  there  is  a 
like  psychological  basis  underlying  the  very  heart  of  each 
system,  even  unto  the  most  fundamental  and  apparently  ulti- 
mate categories  t  May  it  not  be  that  all  the  magic  categories 
of  philosophy  which  profess  to  be  ultimate  expressions  of  the 
absolute,  are  only  poetic  attempts  to  express  special  feelings 
of  sense  which  for  want  of  attention  and  pro|>er  analysis  are 
not  recogTiiz<Ml  as  such  T  The  categories  which  have  been 
handed  down  thi-ough  the  history  of  philosophy,  taken  as  they 
must  have  l>een,  from  a  comparatively  chaotic  mass  of  sensa- 
tions, tile  elements  of  which  were  unseparated  and  uneriticized, 
must  at  best  be  very  vague  in  their  meaning  and  extremely 
inadequate  to  a  scientific  expression  of  the  principles  of  life 
and  thought.  If  a  necessary  element  in  the  aim  of  philosophy 
is  to  keep  itself  in  constant  touch  with  the  poetic  lether,  then 
its  present  sj'stem  of  categories  may  serve  its  purpose  best, 
but  if  it  means  to  bear  a  truly  scientific  attitude  towards  the 
world,  it  must  forthwith  surrender  tliem  up  for  psychological 
criticism,  and  that  done,  have  itself  restttte<l  in  new  and  more 
scientific  terms,  rebnilt  on  a  fresh  system  of  more  tangible 
categories  all  gotten  from  a  thorough-going  scientific  analysis 
of  instinct  and  sensation. 


In  conclusion  T  desire  to  express  my  gratitude  to  President 
Hall  for  kind  criticism  of  my  work  and  inspiriting  suggestions 
during  the  preparation  of  this  paper.  T  am  also  indelacd  to 
Dr.  Scripture  for  reading  ovPr  the  paper  and  suggesting 
several  corrections. 


Prof.  H.  H.  Donaldson, 

Utark  Uol»^n>itr- 

Obersteiner,  Die  neueren  Anhchanungen  ubfT  den  Aufbau  dea  Jl^errtfu- 
stftttentt,  NaturwUfieachaftUcbc  Hundkchau,  189*2.  Vltl,  Noa.  1  and  2. 

Id  \esB  thAD  half  a  dozen  page?  the  nuthor  gives  a  very  clear  and 
JodlcUl  statement  of  the  newer  observations  and  theories  which  are  the 
present  guiding  lines  for  rri^ciirch  in  the  anatomy  of  the  nervous  system. 
Further  comment  is  unnecessary  except  a  word  on  a  new  term  which 
appears  in  the  article.  For  the  moat  part  anatomists  take  the  view  that 
the  nerve  cell  and  the  nerve-tlbre  form  a  physiological  unit  and  anatomi- 
cally it  is  nulte  impoiistlble  to  determine  where  one  atopic  and  the  other 
begins.  For  the  nerve  cell  and  all  its  prolongations  WaMeyer  has  sug- 
gested the  term,  Neurnn.  This  fills  so  long  felt  a  want  and  fills  It  so 
well,  that  there  can  be  little  question  of  Its  acceptance  and  hence  the 
word  of  explanation. 

Langlet  and  Shkrrikoton,  On  pilchmotor  nerve*.  Journal  of  Physiol- 
ogy. 18BI.  XU,  278. 

The  authors  designate  as  pllo-motor  those  nerves  which  control  the 
erection  of  Che  hairs  or  to  use  a  single  word,  cause  horripilation. 

The  experiments  were  made  on  a  monkey,  a  youug  female  HacacuB 
rboesus,  and  on  catR.  In  all  cases  these  aerTea  luoe  from  the  spinal 
cord  by  way  of  the  ventral  nerve  roots  and  pass  Into  the  sympathetic 
ganglia:  from  there  they  are  dldtrlbuled  to  the  skin. 

The  special  iirrungeraents  are  as  follows :  In  the  monkey  the  pilo- 
motor ner^-f-niireii  for  the  head  and  face  arise  mainly  from  the  third  and 
fourth  and  leAs  iiumerou^ly  from  the  second  and  fifth  thoracic  nerves. 
Tlicy  pass  cephalad  In  the  cervical  sympathetic  and  are  connected,  with 
nerve  cells  in  the  fiuperior  cervical  ganglion. 

On  stimulating  the  sympathetic  nervo  horripilation  (In  head  and  hio*) 
occurs  chiefly  on  the*  homonymous  side,  but  at  the  same  ijuie  croMet 
the  middle  Hue  to  porne  extent. 

On  section  of  the  sympathetic  nerve  the  hairs  He  abnormally  flat  la 
the  effected  region  and  remain  so  for  many  weeks. 

lo  such  a  monkey  anger  and  fear  cause  horrlplLitlon  on  the  sound 
side  only.  The  ptlo-motor  nerve-flbros  Issue  In  the  roots  of  the  twelfth 
thoracic,  first,  setoond,  and  third  lumbar  nerves,  pass  Into  the  lumbo- 
sacral nympHthPtlc  chain  and  descend  In  it. 

In  the  cat  the  pllo-niotor  nerve  fibres  are  found  In  each  nerre  from  the 
fourth  thoracic  to  the  third  lumbar  Inclusive,  sometimes  also  In  the 
third  thiinicic.  The  fllircA  from  the  third  or  fourth  to  the  seventh 
thoracic  Inclusive,  run  cephalad  in  the  cervical  sympathetic,  JoId  cells 
Id  the  superior  eervlcai  ganglion,  and  ioaervate  the  sldn  on  thehead  tod 
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L -on  the  back  of  the  neck.  Thes«  fibres  are  elthor  not  preMDt  or  not  fanc- 
I'tionAl  In  ail  the  cntBexamiaed. 

The  pUo-tuotor  fibres  trom  Che  tevench  thoracic  to  Che  third  lombar 
nerves,    supply  a  strip  of    fkln    about   twelve  cm.  wide,  ext«ndliif 
down  the  mtddie  of  the  back  from  the  upper  part  of  the  thoracic  region 
,  to  a  point  ^uaie  six  cm.  out  on  the  tall. 

The  pluQ  of  innervatloD  in  this  region  U  very  interestlag.  It  can  be 
shown  that  stimulation  of  any  spinal  nerve  root  tu  this  group  cjiuaee 
borrlpllatiua  slong  a  strip  of  skin  some  ten  em.  in  length.  Taldng  anjr 
two  successive  aervca  the  more  caudal  one  lnuervaCfc«  a  strip  of  akla  the 
'  egtnning  and  end  of  which  are  about  two  cm.  caudal  of  the  strip  Inner- 
ited  by  the  more  cephalic  uerve. 

1.  Beck,  Die  BejHimmnni;  der  toeatisatton  d«r  Gehirn-und  Bucien^ 
marksfunctiontn  vermitteltt  dtr  et€ktri$cKeH  XrKheinunffen,  CenCralbl.  f. 
Physiol.  1890  IV  473. 

2.  Fleischi.  v.  MARSOWf  Mttthiilvng^  buttr^end  dU  Phytioioftte  tUr 
Sirnnndf,  ibid.  1890  IV  537. 

3.  Beck,  Die  StriSmt  der  iVerfoiMnftva,  Ibid.  1890  XV  572. 

4.  GOTCH  UND  HORST-EV,  UeUr  den  Gebraueh  der  KtektricUSt  ffir 
4i€  Locnlisirung  der  StreffungMerscKeinnngen  im  Cfntratnerventy»tem,  fbld. 
1891  IV  649. 

5.  Danilewskt,  Z»r  Ftagf.  uber  die  elektromoCori»cJien  VorgSnge  (m 
Oehim  alB  Avutruck  Beines   TTiatigkeilatualaRdex^   Ibid.  1891  VI. 

The  above  mentioned  papers  are  experimental,  polemical  and  his- 
torical. They  have  grown  out  of  th<;  'lucnthm,  bow  far  the  activity  of 
the  central  uervouM  ftytitem  U  accompunied  by  ;Uemonfitrab1e  electrica] 
V^hsnges,  and  to  what  degree  these  changes  can  be  used  for  the  study  of 
localFzation  of  function  lu  It.  Qotch  and  Horsley  stimulated  the  cere- 
bral cortex  and  noted  the  electrical  changes  In  certain  tracts  of  the 
spinal  cord. 

The  others  have  for  the  moat  part  applied  a  peripheral  Btimulus  and 
noted  the  electromotive  changes  in   the  brain,  mainly  In  the  cortex. 
From  the  results  of  all,  It  woiud  appear  that  the  cortex  is  u!iuaUy  active 
to  such  an  extent  that  there  arc  continuous  and  irresulnr  electric:il 
changes,  which  can  not  be  aecoanted  for  by  distinct  peripheral  stiuiuli. 
Perlpneral  stlmall  produce  more  or  less  marked  changes  in  the  reatlr 
current  taken  from  Che  cortex  and  there  ^eems  to  be  some  relation  be^| 
tween  the  disturbance  lu  the  several  ^eiinory  i-ortlcal  centres  and  stinaala 
tion  applied  to  their  appropriate  sense  organs,  but  It  Is  far  from  preclsal 
or  satisfactory.     On  the  power  of  anasflthetics  (chloroform  and  ether)| 
to  prevent  these  electromotive  changes,  the  authors  are  not  lu  accord,  J 
Beck  claiming  Miat  the  spontaneous  activity  of  the  cortex  continues  ua- 
der  eholoform.  while  v.  Marxow  claims  Chat  the  cortex  Is  paralyzed  by 
aucestheticB. 

All  those  who  have  employed  the  '■'  negative  variation  "  as  an  Instru- 
ment wherewith  to  fittackphy^iologicaT  problem?  fire  aware  thnt  It  is 
a  hard  one  to  handle,  and  whether  it  can  be  used  to  add  to  knowledge  of 
the  functions  of  the  cerebral  cortex  remains  yet  to  be  shown. 

Stewart,  yotea  on  some  apptfcaUonsinphpBtologyofthe*'*reaisiaa€e''* 
method  of  measuring  temperature^  tPtih  8j}eciat  referenrAt  to  the  quMtion  oy 
heat  prodnctlon  in  mammalian  nerves  during  excitation^  JoaroaJ  of 
Physiology,  I8fll,  XII  409. 

The  apparatus  u^^ed  registered  changes  In  temperature  by  the  swing  ot 
a  galvanometer  needle  uud  io  most  experiments  variations  of  0.0005°  C. 
could  have  been  detected  with  certainty.  Neither  In  frogs  nor  dogs  and 
rabbits  is  there  evidence  of  a  variation  of  the  above  mentioned  amount 


•In  BtlmnUted  nerves.  Hence  aooh  temperature  ctuiujce*  aa  acTompitnT 
t^e  excftaiioa  of  Hvlnfl;  nerves  In  these  &ulnialfi  muAt  be  extrftuel}'  small, 
if  they  occur  at  nil.  Ukewlne,  nerves  in  the  process  of  dying  fall  to 
Bbow  a  ohange  of  temperature. 

Aa  bearini;  on  the  gueotlon  of  *'  thprraogenic  ^*  as  distlnguUhed  from 
**  motor"  nerves,  it  appears  that  the  tempernturo  of  a  muscle  poisoned 
with  curara  does  not  rise  on  attmnlatlon  of  the  nerve,  indicating  that  not 
only  do  the  nervous  Impulses  causing;  coacracttou  of  the  mur^cle,  but 
also  those  causlnf^  rise  uf  temperature.  CAt^d  they  may  or  may  not  be  one 
and  the  same)  fail  to  effect  the  muscle,  after  curara. 

The  Johns  Uopkina  Hospital  Repona,  1891,  II,  No.  ti.  B^ort  in 
yeurologp,  I. 

1.    Brkklet.— A  case  of  Chorea  tnssniens,  with  a  contrlbation  to  the 
germ  theory  of  chorea. 
a.    MiMON'.— Acute  anglo-neurotic  oedema. 

3.  nocH. — Haematomyella. 

4.  Thovas.— A  CMe  of  cerebro-splnal  syphilis,  with  an  unusual 
lesion  In  the  spiual  cord. 

In  the  papers  above  cited,  the  clinical  and  pathological  points  of  view, 
as  contrasted  with  the  anatomical,  are  most  cmphaslT'^d.  It  will  therefore 
be  sufficient  to  mentioa  here  a  few  facts  of  very  general  interest  con- 
nected with  them.  The  study  of  chorea  (1 )  is  based  oa  two  cases — one  a 
dog.  In  the  drst  case  towards  the  end  of  life,  thechorea  w&n  associated 
with  mental  confusion.  The  post-mortem  appe-arnnces  to  which  ttie 
moRt  value  i»  atuched  were  in  the  meniugei^  and  vcitseU,  and  are  inter- 
preted aa  the  rettult  of  the  action  of  a  pathogeuic  germ  or  lis  products. 
To  the  numerous  small  extrH%*asatlon  of  red  blood  corpuscles  found  in 
the  uerve  substances,  but  little  stgnlflccncc  is  attached.  Towards  the 
end  of  the  paper  the  changes  occuring  In  tlic  liver  aod  Iclduey  iu  diph* 
therla,  are  compared  with  thoxe  In  the  meoinges,  brain  and  Icidneys  In 
chorea,  wltli  a  view  to  emphasl/lng  the  similarities  and  thus  furnishing 
indirect  evidence  for  the  germ  theory  of  chorea. 

The  disease  designated  as  acute  anglo-ueurotic  oedema  (2)ls  cbamcter- 
iMd  br  rather  circumscribed  swelling!*,  appearing  suddenly  and  often 
periotfloally,  u-<ually  multiple  and  atl'ectlug  the  eyelids,  lips,  hands,  feet, 
genitals,  and  buttoclcs  by  preference.  There  is  often  profuse  vomiting. 
Three  cases  are  carefully  described.  Vaso-mator  Influences  alone  ap- 
pear iDSuftlclent  to  explain  all  the  results,  but  as  the  dlnlurbance  !• 
credited  to  the  sympiittietiu  system,  these  vaso-mutor  inOueuces  must  be 
considered  as  one  factor  at  least. 

In  the  discussion  of  Haematomyella  ('I)  It  Is  pointed  out  that  hem- 
orrhage Into  the  spinal  cord,  not  produL*ed  by  trauma,  is  very  rare.  Jn 
the  two  cases  described,  while  trauma  Is  by  no  means  excluded,  yet  the 
paralysis  did  not  appear  In  one  case  until  six  days,  and  in  the  other  until 
three  veeka  after  the  accident.  The  particular  muscles  afltooted  were 
carefttliy  studied,  and  from  the  probable  location  of  the  lesion  the 
spinal  centres  for  these  several  muscles  is  inferred,  the  Inferences  be- 
ing controlled  by  what  Is  already  established  In  the  localization  of  arm 
centres  in  the  cord. 

Dr.  Thomas's  case  (4)  yields  the  following  anatomical  nummary, 
"^philltic  orchitis.  Syphilitic  endarteritis  ;gamnatous)  of  cerebral 
arteries.  Uumma  on  left  third  nerve  tuvolvlug  crus.  Oummata  on  left 
fourth,  righusixth,  ninth  and  twelfth  nerves,  aud  In  brain.  Gumma  on 
anterior  roots  of  three  cervical  nerves.  Meningitis  of  cord.  Tollomye' 
litU  of  lumbar  enlargement.  Hyaline  degemTniioti  in  the  wails  of  the 
amall  arteries.*'  In  the  faithful  account,  both  clinical  aud  anatomical, 
which  Is  given  there,  are  a  number  of  interesting  polnta.    No  symptoma 
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were  obMrved  which  correspoDded  with  the  marked  ch&nf^ee  found  iii 
the  lumbar  oord.  The  lomor  on  the  ri^hc  sixth  nervf*  ftbould  h&re 
oaoHd  pomlv^is  of  the  ^xteronl  rectos  muscle  of  the  right  eve.  The 
right  eye  hai)  been  tested  shortly  before  death  but  on  such  paraljels  w&s 
obierved.  On  the  peripheral  t.[de  of  the  Kumnm  thU  uerre  dtd  coDUin 
a  ouml>erof  well  preserved  nerve  flbrej*.  and  this,  too,  in  ^iplte  of  the  fact 
ttut  the  f\\}f**  could  not  be  traced  through  the  tumor.  In  the  first  pl«oe 
ft  \»  renmrkahle  that  the  nerve  should  not  have  been  destroyed,  and  Ib 
the  »ecnnd  plai-e  that  U  should  transmit  deftpite  the  fact  that  the  nerve 
fibre  could  not  be  traced  through  It. 

Waldeyek,  Ueber  einige  neuere  Fonchmt^en  im  QAiHe  dw  Anatcmit 
df-i  Cfatralnrroewtvttems,   Deutsche  med.  WocbeoMhr.  1891  XVII  1313, 

1244^  1267,  12S7.  1331,  1352. 

ThU  review  of  receut  work  on  the  finer  anatoiny  of  the  Derroiu 
evatem  U  from  the  hand  of  an  acknowledged  master.  .It  is  Intended  to 
Bonw  how  far  the  Iraproveiuents  In  the  nUtologlcal  technique  have, 
duriD>;  the  past  few  ywini,  revolutionized  the  views  on  the  architecture 
of  the  ncrvouft  system.  The  first  paper  start?  with  a  bletorical  review 
of  the  subject  up  to  the  yea.r  1880,  throwing  Into  a  scheme  the  ldea« 
then  current.  Next  follows  a  statemeut  of  tiolgl'a  principle  result*. 
UodlAputefl  Ifi  his  obiiervatlon  that  the  nerve  prooefls  (axla-cjllnder 
pnK'eas  or  prolongation)  U  branched,  and  that  In  certain  cas««  It 
branche?  bo  much  as  to  lose  Its  identity  wlthlu  the  gray  matter  about 
It.  Disputed  are  hU  Interpretation  of  the  two  sorts  of  cclle  as  sensory 
vid  motor  and  bin  hypothesis  thai  the  branches  from  the  nerve  procesa 
form  a  morphologically  continuous  net  work  throughout  the  nervous 
system  and  that  the  protoplasmic  processen  are  purely  nutritive  In 
function.  'Hie  points  of  difference  In  the  views  of  tlie  brothera  Ramon 
y  Cajal  and  Golgi  are  clearly  stated.  One  very  important  point  in  the 
conception  of  the  nen'e  cell  is  tho  value  to  be  attached  to  the  proto- 
plamnlv' prolongHtinns.  There  Is  much  to  be  said  In  favor  of  the  view 
that  they  pusBess  fuoctlons  not  dissimilar  In  kind  from  those  of  the 
nerve  proces*. 

In  oraer  to  form  a  picture  of  the  arrangement  of  the  elements  In  the 
•pinal  cord  It  is  to  be  remembered  tlutt  we  have  to  deal  within  the  cord 
with  (1)  eommUsure-ct^lls  t'Conimlasurcnz.ellen),  (2)  the  column-oellB 
(StrangrellenJ,  C3)  the  nerve-root  cello  (Nervenwurzelzellen),  (4)  the 
cells  of  the  dorsal  conma  with  the  diffusely  branching  nerve-prooesa. 
Outside  of  the  cord  lie  the  cells  of  the  spinal  ganglia.  Id  general  the 
relation  of  these  elements  appearfi  to  be  the  following :  The  fibres  of  the 
dorsal  roots— for  the  mont  part  taking  origin  from  the  ganglia  of  the  dorsal 
root — enter  the  cord  and  there  divide  Into  an  ascending  and  a  descending 
ramus.  From  the  rami  arise  at  short  intervalt^  the  so-called  collateral 
branches  which  penetntte  the  gray  substance  and  end  in  terminal 
brushes.  'l*he  relation  of  these  terminations  to  the  cells  Is  a  close  one 
but  tieverthelesg  not  that  of  continuity.    To  follow  the  relations  topo*] 

fraphically.  there  are  In  the  dorf«al  comua  the  celts  with  thedlflUael] 
ranching  nr-rve  process,  the  function  of  which  is  not  evident.  Id  thfr^ 
column  of  riark,  or  Stilllng's  dorsal  nurleus— as  Waldeyer  prefers  to  call 
it-^lhe  celU  appear  of  the  group  de^^ignuted  as  column-cells.  Their 
nerve  process  passes  to  the  lateral  column  and  they  may  or  mav  not 
divide  into  an  ascending  and  a  descending  ramus.  If  undivided  the 
fibre  turns  cephalad  and.  In  any  case,  gives  ofi  collaterals  along  Ita 
course.  In  most  parts  of  the  gray  matter  cells  of  this  claas  are  to  be 
found.  The  commlssure^^Us  differ  from  the  last  only  fn  the  fact  that 
the  uerves  coming  from  them  cross  the  middle  line  by  way  of  the  ven- 
tral commissure  before  they  turn  longitudinally. 
The  root  fibre  cells  form  a  final  group.    In  roost  of  them  the  ner 
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process  vlves  off  bnt  a  Bmall  nnmber  of  branches  near  Its  orif^n  and  In 
some  animals  none  at  alt  have  yet  been  discovered.  The  nerve  pro- 
cesses for  Che  most  part  pasit  into  the  ventral  nerve  roots  but  fn  some 
intiUQces  ii  K"*up  of  I'ettt  mainly  in  the  lateral  portion  of  the  ventral 
cornua  send  their  uerTe-proceases  to  the  dorsal  roots,  llius  some  fibres 
in  the  dorsal  roots  arise  from  cells  within  the  cord,  a  fact  for  which 
there  has  loof;  beeo  good  patbolojj^cal  evideoce.  Id  the  third  paper  the 
relations  of  the  nerve  elements  In  the  cortex  of  the  cerebellam  and  cere- 
brum is  dlAoussed.  Some  acooont  of  the  relations  In  the  cerebellum  has 
already  been  Rlvt-n  fthls  Journal,  Vol.  Ill,  No.  I,  Feb.  1891).  The 
account  of  tnntter  in  the  ccrebrutn  tft  tiiken  from  Ramon.  The  lar^e 
pyramids  whose  pyrHmldal  proloiieatinn  with  its  protoplasmic  branches 
may  extend  almost  to  the  Hub-pliiMayer  has  a  uerve-process  which  may 
contribute  to  any  of  ihe  principal  dbre-systems  of  the  hemispheres  and 
the  branches  of  which  also  form  modulated  fibres  as  shown  hy  Flechslf^. 
Above  and  below  the  large  pTr^mtds  lie  triangular  or  small  pyramidal 
celts,  the  lower  layer  of  which  have  the  peculiarity  that  their  nerve 
process  Is  directed  towards  the  cortex.  In  the  cortex  of  th#*  rabbit  S. 
Bam  on  baa  found  bipolar  cells  and  also  trlangnlar  ones  with  several 
nerve  prolongations  both  of  which  are  entirely  new  elements  In  this 
region.  In  the  fourth  article  it  U  principally  the  eompararive  anatomy 
of  the  nerve  elements  which  is  considered^  especial  weight  being  laid  on 
the  relations  existing  in  the  invertebrates.  Without  snfflclent  grounds, 
as  It  seeniK  to  us,  Waldeyer  concludes  In  favor  of  direct  anastomo§et 
between  cells  in  both  vertebrates  and  invertebrates.  In  the  Crustacea 
which  he  examined  KetzluK  consider*  almost  all  the  ganglion  cells  as 
monopolar.  The  nerve  process  however  has  lateral  branches,  bnt  no 
nerve  fiber  takes  its  origin  from  these  branches.  Id  the  crabs  the  sen* 
gory  and  motor  fibres  appear  to  arise  In  the  same  manner  and  we  have 
then  both  sorts  of  cells  centrally  located  and  in  ]>hy8tologlcal  connec- 
tion by  the  lateral  branches  of  the  nerve-proc^ess. 

Tlwse  general  views  find  support  in  the  arrangements  within  both 
the  olfaciury  and  optic  apparatus.  Here  there  is  evidence  for  two  sets 
of  fibres  originating  from  sepHratcd  groups  of  celU  and  running  In 
opposite  directions.  In  the  case  of  the  olfactory  It  would  appear  that 
some  cells  of  the  sensory  uapul  epithelium  are  celts  of  origin  for  nerve 
fibres  passing  from  them'  to  the  bulb.  One  question  of  prime  importance 
in  connection  with  the  supporting  tissues  of  the  nervous  system  la 
whether  these  are  derived  from  the  epiblast  alone  or  from  this  layer 
and  the  mesoblast.  This  \%  one  of  the  matters  discussed  in  the  filth 
paper  and  although  It  muf>t  be  i<till  left  open,  the  evidence  ap|>oars  to 
be  strong  that  these  tissues  have  a  double  origin.  In  the  final  paper  the 
Tulons  points  discussed  are  brought  into  a  general  view  and  Illustrated 
br  schemata.  Some  of  the  prtDclnle  conclusions  are  the  following, 
llie  axLs^yllnder  of  all  nerve  fibres  Is  the  direct  outgrowth  of  «  nerve 
c«U  and  In  no  case  does  It  arise  out  of  a  net  work  of  fibres.  All  nerve 
fibres  end  free  In  a  lertuinal-bruiih  and  In  no  case  is  there  formed  an 
anastomoF-log  net-work.  The  entire  nervous  system  cau  he  considered 
as  built  of  a  series  of  units.  Esch  unit  is  the  cell  and  Its  outgrowths. 
Thi>i  unit  Waldeyer  designates  as  a  neuron.  As  a  rule  the  order  of 
armngrment  is  such  ttiat  physiological  connection  is  established  by  the 
termiaal  brush  of  one  neuron  expanding  In  the  neighborhood  of  the 
cell-b<Hly  of  the  next.  'Vhe  arrangementlu  tlie  glomeruli  of  the  olfact- 
ory bulb  suggests  that  In  oertnlu  cases  the  terminal  brushes  of  two 
nervous- processes  may  be  directly  approximated.  In  considering  the 
value  of  the  nerve  cells,  Waldeyer  dUcoAses  the  hypothesis  of  Nanaen 
that  the  nerve  cells  are  simply  nutritive  and  do  not  form  part  of  the 
pathway  for  the  nervous  Impulses,  coming  to  the  conclasion  that  the 
evidence  for  Nausea's  view  Is  at  present  Insufficient. 
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Two  very  generftl  m&tt«rs  rnnv  he  mentioned  in  coucltuioo.  First,  up 
to  reoently  It  baa  been  geaer&lljr  held  th&t  the  mecbod  of  Pilvet  im- 
preg^Dation  depended  solely  on  a  deposit  of  meliil  in  lyfDph-spac«ft,  to 
ihU  Waldeyer  adds  a  poMlble  staialoff  of  ceruin  eJeiiieoU  whicb  U  H 
means  anytbing  means  that  the  reaction  tithes  plac^  wlthl"  '^  >  <]]{>- 
•tance  slafDod  and  not  around  It.    Seoond,  KolUker  In  dU>  iiis 

fiabject  hat  laid  f^cat  utresi  on  the  aueetion  huw  far  the  tii<r  ^bt 

out  represent  those  which  are  modolated  and  bow  far   tboAt;  which  are 
oon-modalated.    Oa  this  point  Waldeyer  has  notbing  to  ftay. 

Obbrsteinkr,  Anleitunif  beim  Studium  dtr  Bauei  der  neno$en  C^mtral- 
OTffane  im  {ft*unden  und  kranktu  Ztutond,  i.  Aatl.,  Lelpxtg  1892. 

Tbe  first  edition  of  thlc  admirable  work  was  rerelved  uUb  general 
reJoLclnge  and  was.  at  the  time,  reviewed  iu  tbei«e  columQs.  { Au.  JocK. 
OK  PsYCHaLCKiT,  Vol.  11,  No.  3,  Feb.  IsiSa.)  .Since  then  Cli*f»0>  It  ba» 
undert^ou'^  translation  &t  the  bandm  of  I->r.  Alex.  Hill,  of  OowdIok 
CoIIeKe,  ('iiiil'riil^F',  Englftnd.  The  trnn<tltttiou  Is  goid  and  the  Knglidi 
edition  difleri^  from  tbe  original  German  iu  oontalnlng  certain  Hddeuda, 
(always  hrav-feetft.l  in  the  (ext),  in  which,  for  the  most  pan,  the  trans- 
lator prenenlii  enme  morphological  views  of  hU  own.  We  do  not  pro- 
pose to  attempt  here  more  thun  to  point  oat  Honie  features  of  the  second 
German  edition  aA compared  with  tlie  drnt.  The  f  undHmental  character  and 
arranpemeiit  ure  uncbnnged ;  a.^  the  nuthur  telU  U)*  In  the  preface,  the  text 
has  been  carefully  worked  over.  The  result  1^  about  one  hundred  pages 
more  of  reading  matter  and  severat  new  cuts- 

A  tlrel-class  book  of  this  kind  is  In  some  Mnne  a  work  of  art  und  as 
such  must  have  Us  sketchy  ponions.  At  the  same  time  it  U  iiure  to  be 
judged  by  what  Is  l>esi  In  It  which,  in  this  case,  is  the  anatomical  matter 
^o  tbe  stricter  sense  of  the  term.  Where  tbe  evidence  for  views  U 
phy»iiologioal  or  developmental,  the  author's  critical  scn^n  Ir  ]«« 
helpful  ti>  ihe  reader.  \Vc  have  said  that  ti»e  book  has  grown  aud  that 
In  parts  it  l<4  sketchy;  It  i»  to  be  devoutly  hopud  that  it  may  remain  so 
and  stop  growing.  Even  In  this  second  edition  there  are  IntrtKluced 
new  thiiigg,  presumably  for  the  sake  of  compleumesg,  which  weaken  its 
character  nti  a  critical  essay.  It  seems  the  fate  of  many  strong  bnok:4  to 
thus  undergo  In  later  editions  a  form  of  fatty  degenerat'loa  where  bulk  La_ 

5ained  aud  tone  Is  lost,  and  the  |>erspe^-tlve  of  the  subject  Is  dac 
'urning  now  to  details,  several  umtters  call  for  notice. 
The  section  on  methods  la  fuller  and  more  accurate  than  before." 
Take  It  all  in  all   this  chapter  forms  the  best  oiauual  ou  the   histol- 
ogical methods  for  tbe   nervous  system  ihat  we  have.     In  dlscusiiing 
th«  method  of  degeneration  it  does  not  appear  why  Schwaltic's  hypo- 
thetical rH;rve  fibre  with  two  uutriclve  centres  should  be  introduced*    It 
represents  a  purely  formal  dtOlcuUy.    The  development  of  the  central 
nervous  system  is  ju^t   touched  upon  and  hlstogensts  is  hardly  men- 
tioned.    In  the  chapter  in  mnr)>ho1ogy  Fig.  20  is  not  without  fault.  The 
lateral  plexus  appears  to  be  cut  off  from  tbe  rest  of  tbe  velum  and  tbe 
Btrla  cornea  Is  represented  ou  one  side  only. 
In  conpidering  tbe  figuration  of  the  hemispheres  tbe  author  holds 
*  closely  to  Ecker.    £ber»Laller>    contributions    to    the    snblect    arc 
recognized  In  the  text  and  we  should  be  glad  to  see  his  boundaries  for 
the  occipiul   lobe  accepted  in  tbe  figures.    These  Agurfts  (,21-:i; ;  can 
L certainly  be  improved.    The  central   dssure  should  cut  the  mantel- 
^ edge  and  the  relations  of  tbe  Interi^arletal  f^ulcus  and  parleto-occlpltal 
fissure  in  Fig.  21  are  quite   misleading.    Tbe  parieto-occlpltfil   fissure 
normally  cuts  the  mantel-edge  much  iu  front  of  the  point  at  which  it  is 
iDdicatc<'].    And  furthermore  tbe  figures  do  not  agree  among  tbemselvci 
in  represeutfng  this  relation. 
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At  birth  the  fis^uratlon  hi  the  noroial  brulu  U  usually  almo9l  com- 
plete, odIj' the  tertUry  sulci  being  Id  pare  undeveloped  and  che  st&t«- 
ment  time  '•''  the  prlueipiil  tl^^ures  Hre  present,"  leuveis  the  completoQess 
quite  unemphaslxtfd;  for  the  ^^rroneuuft  idea  that  the  flssurdtlon  of  the 
hem  I  spheres  at  birtb  was  stLll  tar  from  flalshod,  Kuker  U  mainly  re- 
ft poualble. 

In  alludfng  to  locaUziitiou  in  tb^  cortex  Ober»teiner  falls  back  on 
£xoer*B  view  that  they  are  foci  without  sharp  limits.  However  true 
this  may  be  for  the  lower  mammalia,  the  rei>eut  work  on  man  and  the 
higher  monkeys  point*  to  a  sharper  Hraitatlon  la  these  higher  forms,  bo 
far.  At  least,  a3  thf  motor  ccn'res  are  cont,*eraed.  The  law  given  for 
the  relation  of  the  rhiclcness  nf  the  cortex  to  the  size  of  the  gyri,  accord- 
ing to  which  the  larger  gyri  have  the  thicker  cortex.  certHuily  does  not 
Include  the  lu-mla.  for  there  the  gyrL  however  considered,  are  of 
moderate  size  though  the  cortex  14  the  thickest.  Farther,  deep  '^ulci  are 
fooud  lu  the  occipital  region  where  the  cortex  h  thin,  and  g>*ri  with 
broad  topft,  though  bauaded  by  shallow  snloK  are  found  on  the  orbital 
surface  where  the  cortex  U  equally  thin.  The  large  gyri  in  thi 4  con* 
nectiou  mn!it  tlierefore  have  bntti  broad  tops  and  deep  suU*!  boundtog 
them  In  order  to  present  the  thicker  cortex.         -i     t| 

In  dlwusslng  brain  weight,  if  the  flgures  are  taken  from  Blschoff,  as 
they  appear  to  be,  the  average  weight  for  the  female  brain  should  be 
1220  grms.  instead  of  12.t()  grms.  as  printed.  It  should  further  be  made 
clear  that  these  meua  weights  are  obtained  from  brains  lillll  enclosed  la 
the  leptomeninges. 

Direct  evidence  given  by  Topluard,  Biaehoff,  Boyd  and  otliera  in- 
dlcftlcs  that  some  bniiu  growth  takc^  plitce  up  to  thirty-year"  in  females, 
while  in  males  it  may  continue  nearly  ten  yeargi  longer.  Tnis  fact  Is 
hardly  xuggested  by  Che  statement  that  towards  the  twenlletfi  year  the 
maximum  brain  weight  Is  attained.  In  presenting  Wugner'n  flgures  for 
the  nupertlclal  extent  of  the  cortex  It  should  be  stated  that  the  raeasare- 
meuts  were  made  on  brains  shrunken  by  alcohol  and  that  while  the 
specimen)*  of  Wagner's  series  are  comparable  among  themselves,  his 
figures  do  not  without  correction  form  a  basis  for  determining  the 
extent  of  the  cortex  In  the  fresh  brain. 

It  U  agreeable  to  find  the  question  of  the  dlffereoee  in  the  weight  of 
the  two  hemispheres  of  the  brain  properly  neglected.  There  is  no 
doubt  that  some  brains  have  one  hemisphere  larger  than  the  other. 
There  1i  equally  little  doubt  that  the  dlflTerences  usually  found  depend 
on  the  diniculty  of  dividing  the  brain  fairly  and  that  these  dlflleuitles, 
arising  from  the  dietortlfin  of  the  specimen  and  the  constant  error  of 
the  operator— who  ciunot  possibly  divide  even  a  favornble  object  into 
two  equal  portions, —  give  fine  t*>  those  Inefiualltl*'^  wlilcli  hiivc  90  often 
been  treated  as  Import^int,  but  which  in  reality  lie  well  within  the  limit 
of  the  errors  of  observation.  The  resiiitH  of  Oberstelner'a  own  careful 
observations  on  the  speciflc  gravity  of  dlfTereDt  portions  of  the  brain 
form  the  la^t  topic  dli^cusfed  in  this  chapter  on  the  morphology.  In 
taking  up  the  histological  elements  of  the  nervous  system  the  author 
states  the  flbrilla  und  hyaloplasuiu  theories  of  the  structure  of  the  axis- 
cylinder  without  attempting  to  decide  i>etwee(i  them.  While  couHidertog 
theax(9-oylluder  as  continuous  he  decides,  on  the  strength  of  Jacobl's  re- 
suits,  against  the  discoutluulty  of  the  sheath  of  Schwaon,  as  ad  vocated  by 
Bovcrl.  In  mitn  he  claims  a  considemble  degeneration  of  fibres  on  the 
central  side  of  lesions  occurlng  In  a  perlphcrai  nerve,— adding  that  this 
degeneration  is  less  marked  In  animals.  Further  a  normal  degeneration 
of  peripheral  nerves  la  man.  Implying  a  degeneration  of  the  cells  con- 
nected with  them,  la  asserted.  Snch  an  idea  larely  needs  more  evidence 
for  its  support  than  can  at  present  be  furnished.  In  discussing  the 
Derr»<ell  he  adhere.*  to  the  older  views.    The  absence  of  chrooiatla 
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from  tbe  Ducleat  of  the  nerve  cell  Is  noted  and  the  cell  oatxroi 
dtsCQued  wflh  siiectal  refereooe  to  the  axU-cyliodt^r  prolon^tlon 
demonstrated  by  Golgl's  method.     The  author  Keems  to   ua  uodulj 
skeptical  on  thU  partlculur  point,  though  hh  ^rgtimetito  af^lnct 
simple  nutritious   functions  of  the  protopluitmic   prolonfcatlon?    hare' 
more  force.    Our  principle  Indictments  Bguiast  thU  cliapier  U  that  be 
still  Rpeakfl  of  nerTe^*etlft  and  fibres  aA»cparHte  elements,  thus  falltof^  to 
utilise  rhe  VHluable  conception  of  Ute  ceU  and  Its  fibres  as  forminf^  tM>tb 
a  ui(»rphoU>iiii-Hl  and  phytiiolugii-al  unit. 

Beginning  with  the  spinal  cord  w<^  come  to  the  moH  valuable  poi^ 
tioDB  of  the  bimk.  Here  (rthil'a  resultR  ar*"  freely  used.  The  view  that] 
the  columns  of  Goll  are  pathways  for  the  muscle  sense  Is  supported  hj 
the  obf^rvatlon  that  these  columns  arc  poorly  developed  in  the  llml>- 
lesH  forms.  '[*he  segrueuta.1  nature  of  the  tipiiial  cord  Is  passed  over  on 
the  ground  that  it  Is  but  faintly  Indicated  In  the  higher  mammals — not 
a  very  »utOc1ent  reason. 

In  (iifCUK4in(;c)ie  Rphml  nerves  ihelr  double  origin— from  both  sides  of  ; 
the  cord — is  de«crih<*d  and  this  idcd  is  carded  over  to  the  iranUl  nerves 
where  even  the  piitheticus  and  abducens  are  forced  lulo  the  Si'hema. 
One  cannot  he]p  feeling  Iti  the  Itfi^bt  of  v.  Guddins*s  results,  that  the 
weight  of  evidence  U  against  such  a  view.  The  new  figures  (134-136) 
in  the  section  on  the  medulla  and  interbtain  form  welcome  illustrAtlona 
of  the  latter  region.  If  an  argument  were  needed  to  show  how  much 
tbehisuilogi^t  had  yet  todo  ua  the  nerve  centres,  no  better  one  could  be 
ofien-d  than  the  fact  that  the  olfactory  bulb  and  tract  are  here  Illus- 
trated and  considered  from  the  exauilnatlon  of  them  In  the  dog.  The 
oODtribuilon  of  ills  to  the  make  up  of  the  olfactory  bnlbli>  nut  mentioned 
and  the  double  nature  of  the  optic  nerve  Is  pHfiseu  over.  Farther  on,  the 
anatomical  myth  about  the  Hbres  of  the  CalloHtim  Joining  Identical  points 
of  the  cortex  apfrears.  This  is  pure  hypothesis  and  should  not  be  pre- 
sented as  anything  else. 

FiuHlly,  the  pictures  Illustrating  the  cortex  (p.  44-%)  are  all  out  of 
drawing.  The  size  of  the  celts  and  the  relative  thloknesii  of  the  several 
layers  are  both  calculated  to  give  wrong  ImpresslonK,  which  are  only  In 
piirt  to  be  corrected  by  the  figure  on  p.  451  lllustratljig  the  distlnutloo  ot 
fibres  in  the  cortex. 

References  to  the  more  Important  literature  have  been  Introduced  at 
the  end  of  each  section  and  in  many  cases  the  abbreviation*)  used  In 
CDDDectton  with  the  figures  have  been  arranged  la  alpliAbetleal  order  la 
the  explamitlon.  thuj^  facilitating  reference.  The  foregoing  n<raiirka 
are  inleuded  fiuiply  tis  a  running  comment  t^t  the  thanks  due  the  .tuthor 
from  those  who  have  occasion  to  use  bis  lucid  and  instructive  book- 

TuRNCR,  The  convolution*  of  the  brain;  a  nludjf  in  comparative  ana- 
tofnp,  .lour,  of  Anat.  and  Phy^tol.,  1890-1«  XXV«  lOfi,  also  Verhandtun- 
gen  iU«  X.  internationaUn  mediclniMchen  Conprea»e«,  Berlin  X$90y  II. 
Berlin  ISUl. 

This  paper  Is  valuable  for  the  simple  and  novel  form  In  which  It  pre- 
sents the  compHrative  anatomy  of  the  grrl.  Lacking,  as  we  do,  a  really 
adequate  theory  of  the  formation  of  the  gyrl  from  the  physlologlf^ 
aide.  It  Is  necessary  to  come  back  to  the  comparative  anatomy  for  the 
significance  of  these  foldings;  from  this  latter  standpoint  our  author 
reviews  the  field. 

He  makes  departure  from  the  very  general  fact  that  a  cerebral 
hemisphere  Is  i>eparable  Into  two  natural  divisions — a  ventrnl  ponlou, 
or  Bhiuenceptmlon,  and  a  dorsal  portion,  or  Pallium.  These  main  dlri»- 
ions  are  separntefl  by  the  rhinal  or  ects-rhlnal  fissure. 

So  far  as  the  rhinencephalon  Is  concerned  Turner  follows  Broca  In 
making  It  the  basis  for  a  further  grouping.    Instead  of  Broca's  two 
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frroQp!;!  of  osmatic  and  anoAmatlc  anliuala,  Turner  makes  a  threefold 
divisioo  luto  maeroamatic,  repreriented  bv  the  Uuirulata,  Carnlvont.eto., 
microsroatic  represented  hr  the  Pinnlj^edla,  whalebone-whales,  apes 
and  man,  and  floally  the  anosmatlc,  represented  by  the  dolphins, 
looihed-whftle«.  etc. 

la  ascendfnf^  the  mammaUan  series  the  palllam  developer  the  more 
rapidly  and  thus  more  and  more  orerf^rows  the  rhlnencephalon.  Ae  a 
reeull  the  rlilnal  AitBure  paaneR  from  a  lateral  position  in  ihe  lower 
fortiiH,  to  H  ventral  one,  in  the  higher.  The  main  ffubdtvlMous  of  the 
rhlnencephAlon  are  the  bulb,  peduncle  and  lobus  hippocampi.  Two 
roots  of  the  peduDcIe  are  deRoribed;  these  bemud  the  quiidrllateral 
space.  Of  course  with  the  variatlona  in  tlie  »l7e  of  both  pallium  and 
rhlnenccplialon  the  topographical  relations  of  the  latter  may  be  varloas. 
The  lobua  hlppixaiupl  U  In  leeoeral  larger  In  the  mlcrosmatlc  animals 
than  in  the  aiiosmatiu,  but  it  1^  still  present  in  the  gross  fonn  in  the 
latter.  Suppoiiing  that  In  this  last  case  It  contains  normal  nerve 
elementf),  we  are  lu  the  poiiition  of  being  forcwi  to  explain  a  special- 
sense  ci'ntre  which  lias  no  peripheral  connections.  There  seem  two 
wars  out  of  9uch  n  position  ;  either  to  flud  that  thehlppocanipal  lobes 
are'hiiitologicttlly  iibnormal  In  the  anosmatlc  forms  or  that  thU  region 
has  some  other  (unction  tn  addition  to  a  centre  for  smell.  It  Ia  not 
Improbable  that  both  these  notions  would  be  Involved  In  any  complete 
explauatinn.  In  all  atiiinuU  the  pallium  ts  larger  than  the  rhiiieuce- 
phalf>n,  the  difference  being  greatest  iu  the  higher  forms.  Species  In 
the  same  order  may  hiive  In  some  cases  a  convolut»d  pallium.  In  others 
a  smooth  one.  The  iusectivuni  are  apparently  the  group  iu  whk-h  the 
surface  of  the  heml9phere*i  most  perfectly  preserves  Us  smoothness 
throughout  life  in  all  che  gmu^ru.  Iti  the  rannotremata,  Orulthorhyn- 
cus  has  a  siniHtth  brain  while  that  of  Kchiilua  Ia  jonvohiteil  After 
considering  the  orders  in  which  the  pallium  Is  slightly  convoluted  our 
author  notes  the  order  of  appearance  of  the  fuoda.menraI  Assures  In 
these  (ormo  and  shows  that,  while  the  sylvian  fossa  Is  to  he  associated 
with  the  rhlnencephalon,  the  sylvian  Assure  belongs  to  the  pallium. 
Further  among  the  llssencephala— or  smooth-brntufd  forms — the  syl- 
vian Assure  U  by  no  means  necessarily  the  flrst  to  app«>ar.  In  mauy 
forms  there  is  a  tendency  to  the  formation  of  a  sagittal  A48ure  and 
marginal  gyruii  before  the  sylvian  can  be  recogiil/«>d.  Taking  the  fund* 
amenul  ti<**ures  it  U  evident  that  there  Is  no  Axed  ortler  for  their  ap- 
penmnce  but  thai  the  order  differs  Bccordlug  to  the  groups  of  animals 
examined. 

For  purposes  of  general  description  Turner  groups  the  ftasnres  Into 
sagittal,  arcuate  and  radial,  tenna  which  hardly  require  farther  ei- 
planatioQ. 

Taking  up  first  those  onlers  In  which  the  convolutions  are  most  com- 
plex, It  appears  that  the  representatives  o(  smallest  size  In  which  the 
brain  U  largt!  as  compared  to  the  body,  may  be  lis«once|ihalon4,  as  for 
example  iu  the  case  of  little  marmoseh  ra^nkey  among  the  PrlniHtes. 
In  the  camlvora,  pluulpedia,  cetacea  and  ungulaia  certain  accurate 
fissures  arch  over  the  sylvian— itself  to  be  cla^srd  with  the  radial  fi«sures 
— and  in  the  most  typli-al  cases  form  »hree  cnntentilc  gvrl,  which, 
enumernted  from  the  sylvian  Assure  outwurds,  are  the  sylvlau,  supr»- 
syivlan  and  luHrglual  gyri.  Where  it  Is  deep,  the  sylvian  fissure  always 
hides  the  IdkuIh. 

Iu  the  carnivorous  bntln  the  crucial  Assure  is  a  characteristic  feature 
extending  from  the  me.Hal  surface  outwards  and  boumled  at  It^  loeral 
end  by  the  sigmoid  gyrus.  The  mesal  surface  In  this  group  has  a  well 
marked  splemul  Assure— both  longitudinal  and  accumte  In  Its  courae, 
having  imiHirtant  n>lntlouA  to  the  crucial  Assure  ju^t  uamed. 

I'he  homology  of  the  Assure  of  Holaudo  with  the  various  Assures  to 
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tbe  CBrslToroas  brain  wUh  which  It  bAs  been  compared  are  merely 
menttoced  aud  the  Author  pa^gf  s  od  to  propose  the  qaesUon  whether 
there  ran  not  be  an  ocolpUal  lobe  wUhout  a  parieto-occlpUal  t1fl«are  a.Dd 
decides  that  there  can  be  If  ibc  caudal  prolonKation  of  the  lateral  horn, 
the  popt.  comu.  \p  talieu  u»  the  iTiierioD.  Ajiain  he  argues  fur  the 
recognition  of  both  frontal  acd  pHrletal  lobee  even  where  thert<sureof 
Kolaiido  is  abPCDC.  It  is  plain  from  what  has  been  uld  that  the  coo- 
Tolutlons  can  have  very  little  value  in  determining  phylogenetic  rela- 
tionship and  that  their*  ^Ifcnlficanee  1e  not  fundameDtal.  The  remain- 
Ing  psi;e$  are  devoted  to  the  varlout*  theories  of  the  formation  of  the 
convolutioDA.  ThU  [»  the  lcaf>t  eLati^factory  portion  of  the  paper.  It 
shoald  be  added  that  iheie  arc  tnore  than  forty  cuts  Interpolated  In  the 
text,  many  of  them  reprehChtinK  the  brains  of  luinsual  or  rare  animals. 


U.— ASSOCIATION,  REACTION. 


Prof.  J.  McK.  Cattell, 

BOFFDiyr..  Urher  VirdtrirenueM,  Af»ociatinn    uvd  pgpchiKhf  ActtrUSt~ 
VierteJj.  f.  wisjens^h.   rhllos.   1889X111  420;  18tK)  XIV  27,  167,  283.^ 

Leiimann,  Kritische  und  experimenttUe  ttvdien  Hher  da»  Wtedrrer- 
ktnnfti^  Phil.  Stud.  1891  VII  1«9. 

Wi:kdt,  Bcmerkungen  xwr  A$aociationstehr€,  Phil.  Stud.  1891 VII 320. 

Jastrow,  a  statistical  «(udy  o/  memory  and  a$90ciation^  EducRtlonal 
Review,  1801  11442. 

KlBOT,  £nquett  nr  ItMidUa  getUrcteSy  Rev.  Phllo?.  1891  XXXU37e. 

MDRKBTEnBEnG,  Zw  InditiduaJptpeholooie ,  Cetitralbl.  t.  Nervhell- 
kuude,  18M  XIV  106. 

DcMAS,  VAtsociatiou  des  idie*  dans  tes  passiOHS,,  Rev.  PhUOB.  1891 
XXXI  483. 

The  papers  by  Prof,  flofl'dlnjt,  Dr.  I^hmnnn  and  Prof.  Wundt  are 
Intimately  related  tn  each  other,  as  well  as  to  prHtcdlnjf  articles  and 
text-book*.  JlnffdlnK  criticises  Lehmann's  pre\ious  paper  •'  Ueber 
Wledt-rcrkcnnen"  (Phil.  8tud.  1888,  V  06-1  BO),  In  which  the  latter 
maintained  that  it  Ip^  not  neceftaary  to  assume  similarity  as  a  principle 
of  ap^oclatloD.  Dofitiinf;  argues  for  the  Intef^'lty  of  as90oii(tioii  by 
similarity,  laying  Dpecial  stre^tt  on  the  recogullion  of  previons  exper> 
leme?.  In  such  cape?  the  recognition  i«  the  psychological  correlate  of 
the  greater  mobility  of  the  corresponding  molecules  of  the  brain.  A 
change  whirh  ba!>  on^-e  taben  pliice  occur?  the  more  readily  the  Becond 
time.  Lolimfton  argues  that  every  experience  Is  complex,  and  that  the 
recognition,  even  or  a  comparatively  simple  sensation,  is  due  iq  co!>- 
ttguity  rather  than  similarity.  Wumit  In  vl«w  of  the»e  papers  and  of 
Scripture's  recent  exiicrimen'tal  study  explains  and  elaborate*  the  doct- 
rine of  association  coDUiuert  in  the  third  edition  of  his  psychology.  Ho 
holds  that  sliiiuliane(ius  HPMu'iMtlon  ulinuld  t»e  ranked  co-ordlnare  with 
successive  aK«<tciatton,  nnd  tliut  the  latter  dependt^.  as  the  name  lti<elf 
Indicates,  on  the  coDtlnuous  interweaving  of  all  the  Ideas  under  the 
control  of  conclousness.  We  may  look  on  the  dWngreement  of  our 
leading  psychologists  in  these  queelions  without  great  anxiety,  tor 
after  all  the  matter  Is  largely  one  of  nomenclature. 

Turning  to  the  experlmenial  ref^ultsof  T«hmann's  paper,  we  flnd  them 
to  be  of  Interest.    In  his  firtt  section  he  gives  the  results  of  428  trials  OD 
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the  recognition  of  rmells.  lu  45^A,"f  the  trials  nn  Immedlnte  a$&oclaclou 
W&8  called  up.  In  \  of  which  the  observer  was  appaiently  inUtakcn  at 
to  the  nature  of  tlie  smell.  lu  38;; of  the  trials  a  name  wa?  Immediately 
■unseated,  whk-h  was  wrouf^  ^  of  ihe  time.  Id  T';-:,  of  the  iriale  the 
smell  was  recognized,  but  called  up  no  ass-ofjatinn  nor  n^nie,  and  this 
clAf>s  Lehmnnn  cuntilders  the  mo?t  tTitereslln^  theuretiiaUy.  The  second 
section  h  nu  the  re^cognUiou  of  pounds,  Lehmann  Hud?,  as  Starke  and 
Merkel  had  previously  fonnd^  that  the  intensity  of  the  second  of  two 
Bounds  Is  overeMimated-  Lebuianu  thinks  that  this  is  beuaui^e  the 
actaal  sen^tlon  must  appear  stronf^er  thun  a  memory-image.  On  this 
assumption  the  longer  the  Interval  betwe«-n  th*-  two  sounds,  and  the  leas 
exact  the  nit'inory-imaKe  of  llie  first  sound,  the  (jreater  should  he  the 
overc<^tinni[ion  of  the  second  sound.  *J'hc  cxpcrluicnts  given  in  support 
of  this  theory  do  not  seem  to  confirm  it  very  \vell,  but  I^hmnnn  Ihinks 
the  variations  are  due  to  a  periodicity  In  tlie  fading  of  the  niemory- 
Image.  It  Is  not,  honever,  a  matter  of  course  that  because  a  sensation  Is 
remembered  less  exactly,  it  should  be  represented  as  weaker,  'llie 
complex  cflectd  of  memory,  contraat  and  fatigue  cannot  be  satis- 
factorily explained  on  this  theory.  The  writer  of  this  notice  flnds  that 
the  second  of  two  weights  is,  Indeed,  Dverestimnted,  but  llie  ttecond  of 
two  lights  U  still  more  regularly  underestimated.  It  may  be  auggested 
that  li  would  be  more  conveulent  and  acrurate  If  writers  who  know 
in  a  I  he  mat  I  c<i  (aa  Lehntann  does)  would  give  probable  errors  and  not 
merely  the  numt>er  of  mistakes  made  la  GO  or  13S0  trials. 

Prof.  .I.iistrow  publishes  the  results  obtained  with  his  elasaes  In  the 
University  of  Wi)>consiu  and  on  stud**at8  In  the  Milwaukee  nigh  School, 
lie  gave  ten  words  ?ep!irately  to  the  students,  and  obtained  the  first 
associated  words.  Aft4:r  48  hours  he  required  them  to  write  down  as 
many  of  the  original  word»  a*  they  c<'ul(l  remember.  Then  he  gave  them 
the  original  words,  and  required  them  to  write  down  as  many  of  their 
former  aj^foelatioas  as  they  could  remember.  >{c  obtained  the  interest- 
ing result  that,  while  about  j  vt  the  words  were  forgotten,  only  i  of  the 
associations  were  forgotten.  Some  of  the  words  were  rememlwred 
moch  better  than  others,  whereas  the  associations  ou  the  several  words 
were  remembered  about  equally  well.  In  ihe  clasBlflcailon  of  the  aaso- 
clatlons  the  great  frequeuL-y  of  certain  associations  (peU'lnk,  cat-doc. 
etc.,)  U  apparent.  Tliere  were  only  341  diflerent  associations  in  700 
caaes.  Atmut  \  theassociallons  come  under  the  bending  "  uatarnl  kind, 
or  on**  object  suggesting  another  of  the  same  class."  After  thi^  dlvUion 
''whole  to  part  '  was  the  largei^t.  Tite  results  obtalneil  with  the 
nnlverslty  students  aud  with  the  school  siudenta  were  much  alike.  The 
woroeu  remembered  belter  than  the  men,  and  their  associations  were 
the  le^«.  dlverslQe<l.  'Ilkls  lllusirateA  an  iniportJtut  distinction,  which 
obtains  throughout  the  anlmul  kingdom — the  greater  variability  of 
the  male. 

Prof.  Hlbot  gave  words  to  103  persons,  aud  recorded  the  suggested 
ideas.  *' Ni'thing"  waa  suggested  b',i%ot  the  whole  number  of  times! 
The  obseni'er«  were  classified  aci-ordlagto  the  nature  of  their  mental 
Imagery.  The  vUu&l  type  In  which  a  mure  or  leu  dlstlm  l  IniMge  of  the 
object  u  called  up  was  the  most  frequent.  The  types  In  which  printed 
words  were  »pen,  or  auditory  lm;igee  prevailed,  were  rare.  Prof  Itibot 
formerly  called  attention  to  the  importance  of  movement  U)  imagina- 
tion, but  in  the  prescot  paper  nothing  U  said  conceminfr  those  whose 
thoughts  are  chiefly  accompanied  by  the  impulse  to  spoken  words  or 
other  moveiiteuts,  to  which  class  Prof.  Striclter  and  the  writer  of  this 
notice  l>elong. 

Dr.  MUnstert>erg  has  made  tests  concerning  association  and  varloaa 
meotal  traits  in  <*chiK>I  children  and  others.  In  the  present  paper  be 
describes  the  methods  he  has  used,  but  does  not  aa  vet  give  his  results. 
Tbe  tests  suggested  by  Munstcrberg  need  not  be  aescribed  here  ootU 
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Cb^  anproprUteoeu  bM  been    demonUnitetl  by  the  publicAtloo  of 
tbaM.    Bat  one  cumoc  (all  to  houour  tbe  heroic  per&erver«uce  wblcb 
li  boroe  wltaets  lo  bj  expvrtmeot9  of  ttils  sort. 
'Itt  paper  bj  H.  Dumas  does  not  cootalo  experimental  resalM. 

MABTirs,  Vebfr  die  JttactionSKit  und  Pereatianttmur  dtr  KlSnae^ 
Phil.  Stud.  1890  VI  394. 

Hartics,  Uehttr  dfn  SlniluMa  der  IntentttSt  der  Betwe  auf  cU«  Jftjo 
ttonaeU,  PtaJl.  8tud.  1891  VII  4«9. 

Dr.  Martlu8her«  coritluues  the  pabUoatloD  of  careful  experimeotii  oo 
reactlou-tUne  carried  out  iu  hl«  private  laboratory^  at  Boou.  Id  hU  llrst 
paper  be  gives  experlaieuts  ^howltjg  thut  the  reaclEou-tltne  b«ooaiaa 
shorter  as  the  pitch  of  a  tone  U  takeu  hl^^her.  A  monochord  wan  o^ad 
to  produce  the  toue^.  and  the  tinier  were  measured  wUh  the  Hipp 
cbrotioscope.  C  ,  c  ,  r",  c  '  aud  c'*'  were  used*  and  the  thuea  comparea 
with  thobe  obtained  from  the  doIm  inade  by  a  hamtuer  aud  auvll  In  a 
ffeoeral  way  the  (injeii  are  the  *a.me  Mn  the  neighborhood  of  llO^  for 
?'  as  for  the  aol»e,  and  about  40?  larger  for  C'.  There  sre  cori^tderabje 
differences  with  the  three  obitervers,  which  are  probably  due  to  the 
limits  number  of  exiH^rlmfUtfi.  12  to  I'J  of  each  sort,  with  an  average 
varlatiou  of  about  \(h.  Martlus  concludes  from  a  compart<(OD  of  tbe 
reactlon-tliueti  thut  1  tu  4  vlbratious  are  «ufficieot  to  call  up  u  ^enr^atloa. 

Prof.  Stutnpf  in  rcvifwlng  ihU  (wtper  (7A'ltik*h.  f.  Psycli.  U,  ^0*233) 
suggested  that  the  dllfcrence  in  time  of  the  r»*action  tni^ht  be  due  to  Uie 
greater  Intensity  of  the  higher  tone.  Martlus  consequently  made 
experliueute  in  which  the  ln[«Q)>Ity  wa^  varied,  and  obtuined  a<t  result 
that  there  U  no  (ilderence  in  the  leugth  of  the  reactlou-tlme  for  sounds 
of  different  Intensities.  Thl«  U  contrary  lo  the  results  obtained  for 
several  classes  of  stimuli  by  Wnndt,  Rxber,  v.  Kries  u.  Auerbacta,  v. 
Vlntschgau  u.  Iloulgschmted,  v.  WittUch,  Berger  and  the  writer  of 
this  notice.  Martiuii  thlukA  that  thU  discordnni'e  la  explained  by  the 
greeter  attention  given  iu  bU  experinientR.  but  It  more  likely  due  to  the 
small  ruDge  of  intensity.  The  Intensity  of  the  *ouad«  was  not  measured, 
but  In  no  case  cau  a  monochord  give  a  very  loud  sound. 

Rkpsold.  yeuer  Vor»cMag  tur  Verm^tdung  dft  pertOnJichen  Zftt-Pthtert 
bei  DHTrhgangtheohachtunytn^  Aatronomlsche  Nachrlchtungeu  ISS9  Dec. 
9,  No.  2W0. 

Becker,  Utb^r  finigf.  TVmucA^  von  DuivhgaHgghfobachtungen  nach  dem 
neuen  Rfp90ld'9chen  rer/aAreR,A8trouoml»che  Xuchrlcbten  1891  liav  19, 
No.  9030. 

I.AN13ERER,  A'wr  I'iquatiott  penoHeiU.  Comptes  rend.  1889  CVIU  21. 

GONNKStAT,  t-tir  Viquatinn  peraoneile  doHM  le»  obttrvattont  de  jxusuyea, 
Comptes  rend.  18iH  CXII  207. 

Strooraxt,  RteherciuiM  expMntenCale*  rur  r^NOtMa  persone/^  dansfas 
ob$erTat{ons  de  pasaage^  Comptes  rend.  1891  CXtll  4&7. 

Anl>k£  et  Gonmksiat.  £twU  ejrpiriTHfnlaU  d*  I'^qnatton  dieimale  dans 
leMob*ervation*depa»»affejfait«  AVObservaloin  d0  J^n^  Comptes  rCLd- 
1892  CXIV  157. 

Christie,  (Jhaiige  ofperBonnl  equation  wUh  aletlar  magnttudet  in  traM*> 
its.  Monthly  Xotlct'fl  of  the  Royal  Aatron.  Soc.  isni  459. 

Backiityzen,    BfStimmuH'jen  der  p^raiintichen  QUichung  het  I*ana09^ ^ 
beobachtHiiffen,  Viertelj.  d.  Aatron.  GenelUch.  1389  349. 

^  personal  fVuat^onmdcAi'K,  The  .Sidereal  ^lessenger  1991  139. 

TV  pAotocAro no jrrap A  and  its  application  to  the  ttar  transUs,  Georgetowa 
College  Obiervfttory  1S91  3B. 

Prof.  Wundt  and  Prof.  Ezner  have  called  attenlloa  to  Che  psycholo- 
gical Interest  of  the  personal  equation  long  known  to  astronomers,  and 
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Dr.  SuDford  lus  civeu  In  tbU  JOL'RKA.1.  a  thorough  historioal  aud  critical 
review  of  the  aubject  up  to  1888.  riluce  then  aBirouomers  have  couttnuod 
the  study  of  a  subject  so  essential  to  cheir  Aclenee.  The  accuracy  with 
which  time  can  be  measured,  aud  with  which  position  aud  mutluu  cau 
be  determlaed,  U  dependeut  on  tlio  personal  rquatlon,  and  reduction  of 
the  error  by  .01  see.  would  bo  an  important  mlvaocc  in  astronomv.  The 
papers  by  Dr.  Hepsiold  and  by  Prof.  B**cker  suf^f^eet  a  new  uietbod  for 
elltulna[ine  or  le9s«'uln^  the  persona]  equation.  Kepsotd  had  previously 
proponed  tn»C  the  tram^it  iTistruracnt  nitf(ht  be  moved  at  the  same  rate  M 
the  star,  and  the  observer  mlfcht  at  hi?  leUure  adiost  the  nire  so  as  to 
bisect  the  star.  If  the  position  of  the  lofttrumeat  were  known,  the  time 
of  transit  could  be  nienyured  very  exnctly.  But  the  inechaiilcal  dlflleul- 
tles  of  moving  nud  adjuatlug  t)te  instrument  proved  insumiuuniabte,  and 
Repsold  now  propo-^cs  that  the  wire  only  should  be  moved  by  the  ob- 
server. Thi^  \9.  done  by  mean*  of  a  screw,  nnd  the  position  of  the  wire 
Is  registered  automatically  on  thechrouoeraph.  A  number  of  »>ucli  ret^ls> 
tratlona  cau  be  taki*n  ar  abort  Intervala  during  a  alnicle  transit.  Hepsold 
tested  his  method  arttflclallv,  and  fouud  the  variable  error  of  observa- 
tion to  be  comparatively  smalt  (44^  to  37^),  and  the  constant  trror  to  be 
nearly  eliminated.  Itecker  tested  the  method  In  actual  transit  ob<terva- 
tions  wUh  less  snticfnctory  re?ult«.  The  rer?onnl  dilTerence»>  of  four 
observers  were  obtained  by  tlie  chronographle  method  and  by  llep^old's 
method,  aud  the  results  were  reduced  In  the  usual  manner.  The  proba- 
ble error  was  found  to  be  i>ne-fourth  to  one-flfth  larger  by  Rppi*old's 
method.  It  seem$  llket}*,  however,  that  ImprovemeutftTn  the  apphratus 
and  practice  on  the  ps,rt  of  the  observers  would  make  this  new  method 
the  most  accurate  hlthi-rtn  used- 

Of  the  reports  In  the  C'omptfs  rendtts  that  by  M.  Stroobant  ha*  the 
most  psychological  interest.  Ue  calls  atteutlou  to  the  fact,  familiar  to 
psychotogtsts,  but  not  .^'vetemHricalty  applied  In  astronomy,  that  an  ob- 
aerver  can  judge  when  his  registration  U  worse  than  uouai.  The  writer 
of  thiit  notice  flud&  in  recent  ex(>erlments  that  the  error  in  adjusting  a 
movement  is  about  half  as  greai  as  the  error  In  perceiving  It.  'I'he  error 
Id  adjustment  Is  perceived  as  an  error  and  may  be  elluiiaatiHl,  the  total 
error  t>eiog  thu^  reduced  by  about  nne^clghth.  SCroobaut  Hnds  that  the 
'*  eye  and  ear ""  inetimd  is  not  much  Ich"  a -I'ljnite  than  the  cbrunogruphlc 
method.  The  tlrpt  limb  of  a  planet  (artlrtclal)  *»«  reglstc-ed  loo  soon 
(lI5o  to  238r).  and  the  second  limb  loo  late  (l(Vi  to  53(i).  Itegtnratloni 
become  later  aA  a  Pitting  is  continued.  Strootmnt  flndt*  (h.it  he  has  ft 
considerable  decimal  equation,  and  this  ern^r  is  more  elaborately  studied 
by  MM.  Andre  and  Clonnessiat.  They  find  it  to  be  about  .ftt  sec.  The 
declmhl  equation  (tlr-t  noticed  by  Prof.  B.  Pierce),  Is  due  to  Klvlug 
preference  to  certain  decimals  In  esMmarlng  parts  of  seconds  or  nillllme- 
tres.  It  would  seem  to  be  an  error  difficult  to  eliminate.  Obaer^-crs  dif- 
fer greatly,  ni'd  ho  observer's  kunwledgn  of  hU  own  error  would  prob- 
ably lead  to  its  alteration.  M.  I^anderer  discusses  the  part  wliich  dl- 
Slopla  (doubling  of  the  image)  may  play  lu  transit  observations.  This 
efect  can  of  course  be  corrected  by  glasses,  but  It  may  b?  increased  by 
fatigue  daring  the  observation.  The  BrltUh  astronomer  royal  gives  the 
alteration  In  the  personal  equation  with  a  change  lu  the  brightnesi  of 
the  arttHcial  )>tiir.  The  star  whk  darkened  by  gauze  netting,  but  the  al- 
teration In  intensity  was  not  nieusured.  The  "registration  tended  to  be- 
come later,  as  thti  Btar  was  made  less  bright. 

Prof.  Backhuv/^n  explains  bin  niethfKJ  for  studying  artlAclal  traoslta, 
which  Is  descrilled  in  detail  in  Vul.  VIl  of  the  annals  of  the  Leiden  Ob- 
servatory. In  thi^  method  the  artiflcial  star  Is  stationary,  aud  the  ap- 
parent motion  Is  obtained  by  a  revolving  prl»m.  The  Eastman  per'*i>nal 
equation  apparatus  Is  descHtxHl  anew  lu  the  Stdereat  MeMsenger.  ThU 
la  the  only  artlrlclal  transit  apparatus  wliich  the  writer  has  examined 
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and  he  doeo  not  know  how  U  oon>pnrt'«  with  others.  But  it  U  one  of  i 
mo«t  TPi-eiit  iiDiI  I'oii^iiiered  oue  vt  tht^  hen-  'Dtt*  tMrhnicitl  advance*  In 
ptycliulogy  »ri*  borne  witnc«9  to  by  the  fnc-t  thai  Che  pftjcholoetst  wouU 
not  !lke  to  use  a  rci-oriUnp  apparntu^^  whow  error  Is  over  1<t,  wnereas  the 
varUble  error  of  thU  iuBtrumeni  U  nbuul  2(V,  aod  the  00D»tiiDl  error  is 
not  entirely  ellmtnated  by  the  lugeniooB  method  of  reverBtag  the  moiloa 
of  the  carriage. 

'I'he  paper  tii:«t  on  tills  llAt  U  the  n)o»t.  important  for  attronomy,  bat 
do«8  not  t-fipei'mlly  uoncem  p^iycliology.  As  long  ago  as  1841),  Paye 
pugee!*tcd  the  possibility  of  recording  tranAlts  by  photography,  and  thlf 
had  uow  been  actually  accotnplUhed.  It  ie  not  D(-c*--!^ary  to  describe 
here  the  meiliods  and  ap[>aratuB  n9vd  In  the  Geor^t^town  Collesp  Ob- 
servatory under  the  gcuerttl  direction  of  thfi  Hev.  Father  liaffen.  i>tars  of 
the  fourth  niagnituilt' have  l>ef  II  siiiTeft&fuIly  photographed  tn  transit, 
what  f'rof.  Vouug  aWf  the  '^nonoying  humaa  element"  being' largely 
eliminated.  'I^e  photograph  it.-  lUfihtKi  will  probably  be  applied  with 
great  adTADtage  to  iuaii>  phyiiica)  ineat^ureuients. 

Thelnternu  of  psyi'hology  are  not  especially  served  by  any  of  theia 
papers.  .\stronomef»  naturally  wUh  to  do  an'ay  with  the  perAooal 
equation  rather  than  to  study  It.  The  most  imp.irtatit  advauctra  have 
been  In  this  direction.  The  Kep^old  method  tran»fer«  ihe  error  to  a 
certain  extent  f  r  un  the  observer  to  the  Instrument,  and  the  photographic 
method  does  away  with  the  observer  altogether  during  the  actual  traof  U. 
The  work  of  astronomers  becomes  le«4  im|>ortnT)c  for  psvchology  as 
their  devices  become  more  mechanical,  and  as  psychology  ftself  leania 
to  state  and  to  solve  its  own  probtemi.  On  the  other  nand  recent  ad* 
vauoes  In  piiychology  are  of  Increasing  Importance  to  astronomy  and  the- 
other  physical  sciences.  Thyslcal  m^-upurements  in  the  last  report  must 
always  depend  on  the  ticcumey  oX  the  eye  and  bund.  Errors  of  obser- 
vation arc  now  studied  In  psychology  with  an  exactness  which  hR«  neTcr 
been  approaehed  in  any  phyiilcil  science.  There  ar**  but  few  physicleta 
and  niath^matlcans  who  understand  the  pogUlou  of  psychology  to  thU 
mutter.  The  phyflclHt  cannot  know  the  true  value  ul  the  quantity  he 
is  set-king  to  delerminH;  tie  deaU  with  reMdual*  not  wldi  errors*.  Tbe 
psychologUt  00  the  other  baud  de'eruilnes  actual  errors,  and  can  study 
their  nature^  siz-*  and  dispersion  in  a  manner  entirely  beyond  the  reach 
of  physics.  The  whole  theory  of  the  method  of  lea^t  'sfiuape«*  U  con- 
cerned with  variable  errors,  and  is  helpless  in  the  preiencei>f  constant 
or  sy«tematlc  errors.  Constant  errors  are,  however,  far  more  Important 
anddangerous  than  variable  errors,  and  these  can  be  measured  ami  elln>- 
Inateit  by  the  psychologist.  Astronomers  have.  Indeed,  atteuiptcd  this 
with  their  artinoial  tranult  tnstrunteuti^  but  they  have  been  playing  the 
part  of  the  psychologist.  In  in09t  caees  without  adequate  methods  or 
knowledge. 


ARPI0<>.  Aleune  ofSfrvationi  relative  nlla  Itpfff  ptteotogiOi  ^el  rfeono*^ 
eimento^  Ulvisia  di  Atosotla  sclentitloa  18f»l  X  677. 

The  author  relates  an  experlf  nee  in  the  reproduction  of  a  dream  which 
seems  to  support  his  theory  of  re-cognltion.  He  presents  several  con- 
Btdemtious  on  cognate  points  from  which  he  deduces  two  consequenc^ea, 
the  one  In  regard  to  the  association  of  ideas  and  the  other  relation  to 
the  theory  of  reasoning.  The  former  denies  that  the  process  of  aasocla- 
tton  Is  the  revival  of  terms  one  aft^r  the  other  that  exist  separately  in 
the  organic  predisposition  of  the  cerebrum,  bat  asserts  that  it  is  a  re- 
enllvement  little  by  little  lu  various  parts  of  an  ample  system  which 
acting  In  its  integrity  from  one  point  to  the  other  does  so  In  auooeaslve 
moments  and  witii  variations  of  intensity  in  different  parts.    Thus  it  ts 


dedacM  that  the  principle  of  aitiiocUtlon  U  the  saiue  for  slmnl- 
t&neouB  ami  successive  asfociallonR  Kod  for  iho^e  of  similarity;  more- 
over we  see  timt  there  are  two  species  of  ^imiiltHneou^  and  succcdsive 
aasociaciotii^,  the  dlrt'cc  aud  the  iDdlrect.  'I'hc  direct  assoelatloQ  of 
coexl^leuce  and  [sequence  tnkes  place  becaupc  the  Floj^le  BVAtein  pre- 
formed as  a  physiological  synergy  la  aroused  in  itft  integrity*,  reacting 
•acceMively  lu  its  pun>).  The  aecociaclon  by  similarity  t'akea  place 
because  thef<|>ecinl  rhythm  of  Huchau  entire  f)yf<ifm8lln)ulal««*anHi(iieou8 
rhythms  of  other  systems  physiologically  preformed,  In  the  same  way 
that  a  piaDo-erTlng  In  vibration  produces  resoDatlng  vlbratloDs  lo  other 
stringR  of  analogous  rhythm.  The  indirect  association  of  coexUtfnoe 
and  sequence  takes  place  because  the  rhythm  of  activity,  when  (here  la 
consciousness  of  one  term  of  an  associative  series,  arouses  the  aualogoua 
rhythm  of  a  term  of  a  not  hi  r  ai*>oeiailve  series  In  aoch  a  way  that  the 
whole  physloIogicHl  system  lakes  part  In  It.  Rensoulog  la  nothing 
more  than  a  product  ol  the  law  of  re  cognition. 

E.  W.  JiCRIPTUnE. 


SCRirTrRE.  Vfbfr  den  assoa'arfven  Verla^f  der  VortttUuhQeH^  liiaug. 
Diss.  Leipzig  1?JM  ;  also  l»hll.  Stud.  1S&1-2  VII  .">(). 

'ilie  firbt  step  to  a  scientific  treatmr*ol  of  the  subject  um^t  be  n  careful 
collection  of  material  uisieHd  of  the  HctillouKexumpks  generally  In  use. 
The  course  of  ideas  tn  conscioosneas  can  for  the  sake  of  sclentirtc  study 
be  divided  Into  four  processes:  preparaiion^  Influence,  addition  and 
posterior  eflect.  'Ilie  process  of  preparation  U  the  change  which  an  ap- 
perceived  Idea  uudergot-s  before  It  Influences  llie  i-ourse  of  consclousucM. 
in  one  form  of  a>iAoclation  the  whole  of  the  appercclved  Idea  acts  and  re- 
mains In  the  lesult ;  e.g.  the  word  Knttip  calls  up  the  phrase  **in  Koihe/' 
(p.  \1).  lu  another  form  the  whole  of  it  evidently  acts  but  the  resulting 
idea  does  not  contain  it:  e.  g.  touch -Impres^lun  from  a  piece  of  paper — 
word  "  paper,"  (p.  17).  Often  only  part  of  theap^wrcelved  Idea  Is  of  ef- 
fect, that  is,  It  Id  dluilulished  by  the  concentration  of  llie  attention  on 
certain  parts  which  are  active  In  producing  the  result  whereas  Ihe  other 

f tarts  are  apporentlv  lo^^l ;  this  is  the  process  of  the  diminnllon  of  an 
tlea.  Example,  Hahm— Raum;  the  association  Is  cuustnl  by  the  three 
letters  while  the  other  disappears  (p.  20).  I'hc  second  fundamental  pro- 
cess Is  the  Influence  of  Ideas  on  the  course  of  conscionsius*.  It  Uof  two 
kiodi,  direct  and  indirect ;  the  former  Is  the  case  where  an  Idea  producer 
a  change  without  the  luterventlou  of  another  Idea ;  example,  ^'  ach !" — 
"ach.  wehl"*  taste  of  lemon  juice — woni,  "  lemnn  juice;"  ^ound  of  & 
tuning-fork — vl«unl  Image  of  a  tuning-fork  (p.  'i.y>).  'llie  other  form  ta 
the  indin'ct  Influence.  Sir  W  m.  Hamilton  thinking  of  Ik-n  I.omond 
assoi^inred  to  It  the  apparently  unconiie»,'ted  Prusi^ian  sytteui  of  eilnca- 
cailon ;  he  had,  however,  once  met  a  German  on  thnt  mountain  and  the 
association  can  be  explained  by  suppoi^lng  the  umonscious  links  of  assc^ 
elation  thus  :  Ben  Ix)niond— the  Gercnan— Germany— Prn<tsta— the  Pnia- 
•lan  system.  To  test  the  point  by  experiment,  a  series  of  cards  was 
prepared  on  half  of  which  were  Gerraiin  words,  A^  B,  C,  I>,  and  some 
unknown  Japanese  letters,  u,  v,  w,x;  the  other  half  contained  Japanese 
words  in  lEontan  character",  Jf,  >',  O.  P.  with  the  same  Japanese  letters, 
w,  n,  X,  v.  The  series  having  been  shown  In  this  way,  one  of  the  Gemuin 
words  was  then  exposed  wlttiout  the  Japanese  letter  and  the  observer 
was  lo  notice  on  what  he  next  thought.  The  Japanese  letter*  were  gen- 
erally forgotten  and  the  Japanese  word  In  Kouiao  characters  was  often 
associated  without  the  observer  knowing  why.  The  probability  of  the 
conect  Japanese  word  being  associated  to  the  German  word  was  aboat 
one  lo  Ave;  actttally  this  occurred  Id  the  ratio  of  nearly  three  to  two, 
or,  if  some  cases  where  otlier  Influences  were  at  work  be  omitted,  In  the 
ratio  of  two  to  one.  Experiments  with  other  combinations  of  Ideas,  e.  g. 
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wordfi,  colonu  nunec,  etc.,  seldom  ^We  iiuch  r«fluUa.  the  direct  InflaeaoB 
being  f^uerally  iJie  more  powerful.  The  forgotten  or  ftemi-fori^ottaB 
Japuie&e  letters  were  to  be  found  In  virions  degrefs  of  conacioaRoeM, 
«aa  several  P>ffe«  are  devoted  to  an  ioveetlffatlon  of  them.  The  Chlnl 
process,  adrntion,  can  be  tUastrated  by  the  followlDg  examples :  The— 
Thee;  «ound  of  two  pieces  nf  wood  rubbed  together— visual  ImAffe  of 
the  small  i)ep|>er-boxeA  (which  grind)  at  uble  In  a  SwUs  hotel  (p.  44). 
The  addition  of  clemcntH  to  an  Idea  often  tnke«  place  while  the  Idea  ttsot 
undergoes  a  diminution  as  uhove  riowrlhcd;  this  m^r  go  so  far  tlwt 
none  of  the  oilglnal  Idea  Is  left,  every  sub-itUutioQ  Is  (hu^  an  addition 
with  diminution.  A  large  collectlou  of  examples  Is  given  lllujitmclag 
the  various  forms  of  the  process.  One  of  the  moat  InterestSog 
points  i|  the  addition  of  the  coefficient  of  recognition  {first 
noticed  by  Uofldtog) ;  the  simplest  form  Is  eeen  in  the  example: 
touch-Impression  from  a  piece  of  sflk — recognition  of  an  IndefluEle 
touch-iniprc!(flnn,  (p.  67).  The  dfveJopmeut  of  ihp  quality  of  rec- 
ognition into  loenlization  In  fipacG  and  t hue  Is  Illustrated  by  numerous 
examples.  The  Herbartlaa  revival  of  Ideas  and  the  KngUsli  reprodurtlon 
of  ideas  are  imposAlbl*?  t<^rms,  idea«  belug  neither  revived  uor  repro- 
duced; the  facts  are  limited  to  theexUtance  of  an  Ideaac  a  given  momesc 
which  exhibits  certain  pro|>ertii;ii  that  we  attribute  to  previous  occar- 
ences  in  cousciou^nes^.  TheAc  properile*  an*  c-tlled  a ft<*r-** fleets.  One 
peculiar  case  is  expcrimcutally  inve<<tt2ated,  namely,  the  clTccC  of  an  an- 
perceived  element.  A  series  of  picture  cards  Is  shown  with  ?uch  t^hort 
exposures  tliHt  only  the  picture  U  si'eu  while  a  letter  in  the  iudireet  field 
of  vision  entirely  escapes  itotlce.  Then  the  letters  are  shown  -lugly  and 
tbe  observer  1«  asked  to  say  what  picture  beluug»  to  each  of  thr*m.  The 
reftulta  show  Uiat  the  unappercelveil  portlnns  of  an  Idea  are  !t^uffici>'nt  to 
call  up  the  idea.  The  bearing  of  these  experimcuis  and  those  on  Iudi- 
reet influence  In  explaining  cases  of  apparently  dUcouuected  f  ucoeH^laas 
of  ideas  Is  evident.  Author. 


III.— HYPNOTISM  AND  SUGGESTIOX. 


PRor.  J.  Jastrow, 
Uatrenliy  of  wiHoofln. 

B£RiLt.0N.  Lfs  faux  thaotgnagta  tugffires  eJua  tea  enfanta^  Rev.  de 
rHypnotlsuie  1892  VI  2m. 

Dr.  Berlllon  recounts  some  observations  on  children  both  In  the 
waking  and  hypnntlc  conditlous.  He  ai^ks  a  child  to  puv  e<ipeeial 
attention  to  hi*  words  and  says:  '*yon  will  forget  your  nitme;"  the 
child  Is  really  unable  to  speak  Its  name,  although  evidently  ftniifgUag 
to  do  so.  Anoth»'r  boy  ten  ye^rs  of  age  1^  a<*k^  to  tell  what  h"  did  the 
day  before,  he  meutlons  that  a  Mr.  J.  was  present  at  dinner,  when  he  is 
Interrupted  with  the  staEera<?nt  that  hU  memorv  I*  confused  aud  chut  he 
doCKu't  know  whether  Mr.  J.  waK  present  at  luneh  or  at  dinner.  His 
mother  a-ik*  him  to  remember  but  the  recollection  Is  gone.  Another 
boy  12  years  of  age  Ia  told  that  when  In  the  ocreet  yesterday  he  saw 
two  men  fighting,  Che  one  struck  the  other  and  fled.  The  man  was 
large  and  so  on.  U|>on  questioning  the  lad  recalls  the  whole  scene 
and  will  not  believe  It  was  suggested  to  him.  Auother  child  similarly 
Is  made  to  wccune  a  Pfspectable  neighbor  of  thefts  or  Accu*e  hi*  school- 
mate of  assaulting  hiui  and  so  on.  The  suggestions  are  oftt'u  extended 
by  the  immagitiatloQ  of  the  subject.  Dr.  Berlllon  concludes  that  with 
children  from  six  to  fifteen  years  of  age  it  is  easy  by  simple  affirmation 
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either  In  the  waking  condition  or  In  hypnoti«ni.  to  promote  illnslons  of 

?eroeptlon,  partial  amnesU,  diMtortions  of  memory  and  hallucinatious. 
'he  realization  of  such  ^uggeBtions  Id  children,  la  the  rule  and  the 
failure  the  eiccptlon.  The  readiness  with  which  the»e  phenomena  may 
be  utilized  for  Inducing  fal^e  teFitlmony  is  obvious  and  should  be  takea 
Into  acooant  In  all  legal  oases  In  which  the  te(>tlmony  of  children  is 
mdmitted.  A»  evidence  of  the  sincerity  of  the  children  Dr.  Berlllon  offers 
his  own  impre^lonit.  and  the  fni-t  that  in  many  cases  the  suggestions 
were  realized  at  the  flrst  meeting  and  when  the  children  were  Id  ignor- 
ance of  the  expccred  result.  'ITiey  were  selected  from  all  clasees  of  the 
population,  and  Dr.  Bi^rlllon  Is  of  the  opinion  that  the  Intelligent  chil- 
dren are  more  rather  than  less  «nsceptlble  to  Its  Influences.  The  great 
aaggestlbllity  of  the  children  seems  clearly  related  to  the  great  preva- 
lence of  good  hypnotic  subjects  in  France,  and  It  may  be  queslloued 
whether  a  sioiilar  condition  of  suggesiiblHty  would  b«  found  amougst 
the  children  of  our  own  country. 

GriRtx,  Contidirattons  )vrid(quea  it  propoa  de»  faux  thnoiffnages  tug^ 
gbri*^  Kevue  de  rHypnotlawe  1802  y[  -i]2. 

The  Freocli  code  punishes  false  testimony  with  the  same  penalty  that 
attaches  to  the  accTi«ed  If  convicted  by  such  testimony,  and  although 
the  tei^tiiuony  of  children  is  under  iipeclal  ^■gulllti^n<^,  the  pojit^ibllity  of 
Injustice  tiy  suggested  testimony  Is  not  diminished  iliereby.  Just  as 
ttie  inebriate  is  responsible  for  the  effects  of  his  passion  when  he  t1r})t 
indulges  It  so  the  subject  of  suggestion  Is  responsible  for  allowing  him- 
self to  be  the  subject  ot  suggestion.  ''  He  is  as  calpable  for  accepting 
criminal  suggestions  as  he  would  be  for  following  bad  advice;  the 
eltaatlon  ii^  ttie  snme."  The  danger  for  the  accuHe<]  U  extreme,  and  it 
Is  the  butiness  of  the  stntients  of  hypnotism  to  furnish  means  whereby 
the  suggested  may  be  distinguished  from  the  true  cxpcriene  and  whereby 
the  author  of  the  sugee^tioii  may  be  dliacovered.  Kqually  important  U 
the  nece5f>ity  of  limiting  tlieae  practices  to  physicians  and  allied 
Bctentists. 

VoiSiN,  Dilit  de  vol  commU  »tms  Vir^tttnee  dt  la  tugfftrtioH  fippnottqttf^ 
Revue  de  rHypnotlsmc  1892  VI  219. 

A  woman  aged  twenty,  subject  to  hystero-epilepsy,  catalepsy  and 
somnambulism  was  arrested  for  stealing  many  otijects  from  theMaga- 
sins  du  Louvre.  It  appeared  that  for  three  months  she  had  been  steal- 
log  with  extreme  adrcilines<  at  the  suggestion  of  rtomc  accnmpliced.  At 
the  same  time  lier  suggeattbility  iu  the  waking  condition  was  so  great 
that  her  companions  could  make  her  do  and  believe  almoHt  auytlilng.  On 
reeommendatinn  <Lh»>  was  sent  to  the  Salpetrif're  instead  of  to  prison  and 
was  there  restored  mainly  by  snggestion. 

OOIX,  AnoTfxir  hj/Btfri'jiir  tmitfr  avfc  fuccia  par  la  Kuggestion  Aypnotf- 
9tie,  Revue  de  I'tlypuotlRme  1892  VI  24A. 

Anorexia  is  the  persistent  refusal  of  food  and  may  result  fntnlly;  the 

sole  cause  Is  that  the  patient  does  not  want  to  eat.     .Miirie  ('h aged  23 

appears  September  10  before  Dr.  Ooix  and  has  not  eaten  for  fonr  days; 
during  thif.  time  her  energy  and  Induj»try  are  extraordinary.  Hvsterlcal 
symptoms  are  clear.  She  is  hypnotised  but  refu<^ed  to  jiromlse  while 
hypnotised,  that  «he  will  eat.  The  next  day  while  hypnotized  she 
drank  a  cup  of  choi-oUte  which  she  is  told  is  water,  (water  the  takes 
at  all  times),  but  still  refuses  the  suggestion  of  eating.  Still  later  the 
suggestion  la  given  her  that  she  will  repeatedly  say  *'  I  will  eat,  I  will 
«at.'*  Hy  repealed  suggestion,  setting  the  time  of  eating,  threatCDlnc 
her  with'severe  pain,  the  opposition  la  at  last  broken  down  and  a  normal 
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appetite  eniiiiei.  The  cnftc  U  olTercd  ns  Rhowing  the  importSDce  of  the 
pre<'lAt>  fnrmulH  of  >)UKKf^<''^i'>"t  the  need  of  special  ■dwpcahllitjr  to  each 
ca»e  tuid  the  pQs»lbUliy  of  ttdmlDlstertug  tood  during  the  hypnotic 
condition. 

AitTiOALAS  f(  Rl^MOND,  -Vote  aw  hn  eat  d'hemorrharate*  anrimJafrrt*, 
octilairiti  H  palmaire»^provoqufM  par  $ttggestionyR»me  de  rHypnotUow 
18»2  VI  2MJ. 

The  patient,  Mme.  F.,  aged  22  years,  after  an  operatlon(nterlne  tumor) 
quit*  unexpeelcdiymftnite&ted  hy-'terioal  symptoms.  The  most  remark- 
able of  these  was  the  Bheddtn^  of  t«^ar^  uf  'bIoi>d.  Hypnotic  Buxt;^4tioti 
at  firat  failed  to  stop  these,  while  it  was  quite  sutBL'lent  to  say  **  you 
will  bleed  In  a  mlnnt«"  to  promote  llie  phenomena.  Ajj^aln  hyp'notiwd 
tl  wa^  sugf^eAted  ihiit  nU*^  should  t)tee<l  la  the  palm  of  her  left  hand.  A 
bloody  pcr<iplratlon  followed  In  a  few  mlnntes.  Then  It  wai<  su^ge^tcd 
that  the  bleeding  would  <ttop  at  the  palm  and  aUo  at  the  eyes,  and  in 
thi«  WHy  fhv  was  speedily  cured.  The  case  Is  naturally  brought  into 
relation  with  the  easea  of  stlgmatlaatlon  and  U  U  eaayto  see  that  hi 
coinhiuatiou  with  a  religious  order  ihU  symptom  mls^hl  have  been  giren 
a  mystical  sigulflcauce. 

MacDosald,  7*ratima/ic  ITjfpttotSsm^,  Science  1892  XIX  2.1. 

The  account  tells  of  a  physician  who  was  thrown  out  of  her  cart  and 
Buflered  a  contusion  on  thn  right  parietal  protuberance  over  the  third 
descending  convolution.  The  last  thing  the  patient  remembered  was 
calling  to  a  man  to  get  out  of  the  way.  'Ilie  report  of  others  shows 
that  after  the  accident  fihc  said  she  was  not  hurt,  washed  her  face  and 
hands,  gave  directions  and  answered  questions.  For  a  moment  she 
awakes  but  relapses  Into  thl9  condition  again,  delirium  ai.eo  ensues.  Mr. 
MacDonald  regards  thU  as  a  case  of  traumatic  hypnotism. 

Wright,  Traumatic  Hypnotism^  Science  1892  XIX  60. 

Describes  the  cane  of  it  boy  thrown  ofl  a  horae  against  a  barn  door. 
who  tliereupou  arose,  flnl'^beh  hii  farm  duties,  went  to  the  housf*.  took 
a  light  supper  and  answered  questions;  he  seemed  entirely  normal 
except  for  a  vacant  start  and  an  occasional  s«n90lc«6  laugh.  He  went 
to  bed  and  on  awakeolng  next  morning  was  found  to  bare  no  memory  of 
anything  after  the  accident.  The  author  regards  this  as  a  caae  of 
spontaneous  hypnotism,  differing  from  the  preceding  one  In  that  the 
patient  does  not  pay  any  attention  to  the  accident  bat  goes  on  au- 
tomatlcallr  with  his  routine  work. 


Baldwin,  8uggt*tion  in  infancy^  Science  1'49I  XVII 113. 

Do  Ideo-motor  or  suggestive  re-actlons,  have  any  part  of  normal 
mental  life  or  Is  Che  hypnotic  sleep  to  which  thU  miy  be  affiliated 
essential  I  vartifleUl?  Asa  contribution  to  this  Inquiry  Prof.  Baldwin 
utilized  his  obi^ervatioas  of  his  child  during  her  flrst  year.  If  Ideo- 
mot>or  flugt^estlons  are  normal  tbeu  early  child  life  should  present  the 
moat  striking  analogic'*  to  th«^  hypnotic  state  In  this  respect.  Three 
kinds  of  suggestions  are  didtlugtiUhed:  1.  physiological,  2.  sen^ori> 
motor,  3.  ideo-motor;  this  being  the  order  lu  which  they  ap- 
pear lu  child-life.  1.  The  meaning  of  physiological  suggestion  U 
aufltdently  shown  by  one  uf  the  observations.  For  the  first  month  or 
«lx  weeks  the  life  of  the  child  U  mainly  phvstological,  the  vacancy  of 
consciousne^^  a^  regard^^  aQylhliig  not  immediately  given  as  pleasure  or 
pain  precludes  the  posRlblllty  of  ideal  suggestion  as  such;  no  Ideas  In 
the  sense  of  distinct  moniory-lmiges  are  present.  Vet  auggestlons  of 
sleep  began  to  tell  on  the  child  before  the  end  of  the  second  month. 
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She  wM  put  to  sleep  by  being  laid  fncc-down  and  patted.  This  aoon 
became  oot  ouly  suggeiTclve  of  fdeep  but  nUo  aii  iudlxpeuaable  Kugges- 
tloo.  2.  AmooK  tbe6cn»orl-niot<ir  itug^ntoDs  we  find  various  sleep  «tig- 
gestlouji^ fi>od  aiidelntbinu-RuggpfiCfons  and  saggofttionn  of  peraoualtty. 
For  the  next  muntli  there  wa?  an  Increajing  power  of  the  sleep  sug- 
gestloD  Just  mentioued.  In  the  mean  time  two  nursery  rnymeB 
were  added.  In  the  third  mouUt  a  difl'ereuce  waa  noticed  between  the 
effect  of  the  fiuggpsllons  coming  from  the  nurse  and  tho-*e  from  another 
person.  In  the  fourth  month  the  father  succewled  wifli  dilHoulty  In 
eub^tltuting  hiit  itnggestloiji*  for  thoFic  of  the  nurtii!  aUhough  thcr  were 
Imitated  %vlth  th**  greatest  care.  The  sleep  suggeMion  thus  depended 
on  the  personality  of  the  nurse— the  peculiar  voice,  touchy  etc.  The 
power  of  the  father  was  gradually  developed,  succeeding  ut  night  better 
ttiau  !u  the  day-tiinn;  ilnrkui5f>ri  WHM  thu>*  nii  iiddittnnal  auggeatlon.  A 
single  flash  of  bright  ll^ht  causing  a  closure  of  the  eyes  was  often  a 
mo»t  powerful  fiuggeKtiuu.  At  lllu  time  other  persons  had  gretit 
difflcaltv  in  producing  Rleep^  whereMs  the  father  succf'eded  In  a  ehort 
time.  At  the  end  of  a  year  the  child  would  volunMirJly  throw  herself 
into  position  at  a  word  and  would  go  to  sleep,  if  patted.  Id  from  four  to 
ten  minutes.  At  10  months  even  whr-n  the  nurse  Is  unable  to  do  any- 
thing with  her  the  mere  sight  of  the  father  makes  her  quiet  and  in  live 
ininuies  put  her  to  sleep.  TbiA  illustrates  the  pissnge  of  a  purely 
physiological  suggestion  Into  a  sensory  one.  The  sight  of  (he  rubber 
on  the  end  of  the  food-bottle — not  the  bottle  alone— was  suggestive  of 
movements  us  early  as  the  fourth  month;  the  touch  of  the  bottle  with 
the  hands  was  not  suggestive  till  later.  At  the  dfth  month  the  sight 
of  mittens^  hood  and  cloak  caused  signs  of  Joy.  (The  referee  has  noticed 
a  case  at  the  same  age  where  the  sight  of  the  mother  witli  a  bunnet  ou 
at  once  produces  quiet  when  tlie  child  Is  restless,  the  restlessness  re- 
turning If  the  mother  departs;  when^as  the  tame  does  not  occur  If  do 
bonnet  U  wornO  The  Ideo-motorsuKgestions  art*  of  two  kinds:  deliber- 
ative and  imitative.  By  delllieralive  suggestion  Is  meant  a  state  of 
mind  In  which  co-ordinate  stimuli  meet,  atlront,  oppose,  further,  one 
another.  A  most  ln?truotlve  i-afje  Is  reported  showing  the  conflict  be- 
tween the  Impulse  to  scratch  and  the  idea  of  the  pnntt^hmenc,  the  latter 
gradually  overcoming  the  former.  Imitative  suggestion  is  of  two  kinds: 
simple  and  persistent.  Illustrations  of  these  will  at  once  occur  to  the 
reader.  In  conclusion  the  facts  of  suggestion  as  stated  from  the  ner- 
vous side  are  as  follows  :  Phvslologlcal  suggestion  is  the  tendency  of  a 
reflex  to  get  itself  a^sociatea  with  and  influenced  by  other  sensory  or 
Ideal  processes;  sensorimotor  suggestion  id  the  tendency  of  all  nervous 
re-aetiona  to  become  secondary-automatic  and  reflex;  dclitwruttve  sug- 
gestion is  the  tendency  of  dlflerent  competing  sensory  processes  to 
merge  to  a  single  motor  redaction,  illastratlng  the  principles  of  Dcrvoos 
samutation  and  arrest ;  persistent  Imitative  suggestion  is  the  tendency 
of  ■  sensory  process  to  maintain  Itself  by  snch  an  adaptation  of  Its  re- 
actions a*  to  transform  them  into  new  stimulations.  From  the  side  of 
oODSclousness,  suggestion  In  general  is  the  tendency  of  a  sensory  or 
Ideal  state  to  be  followed  by  a  motor  state. 

E.  W.  SoBirruRi. 

Studies  in  hjfpnotitm  at  Brnusn^  The  Brown  ^Tagazlue  ISO]  III  1. 

Id  the  course  of  tome  experiments  on  hypnotism  at  Brown  University 
two  cases  occur  tha.t  are  of  Interest.  Tlie  tlrst  shows  the  resistance  of 
the  subject  to  post-hypuotlo  suggestion  and  his  way  of  avoiding  a 
seemingly  ridiculous  action.  The  subject  was  told  that  on  waking  bo 
should  say  «  Instead  of  5,  as  *'feether"  instead  of  **  father."  When 
awakened  he  waa  asked:  **  Is  one  of  your  parents  living?"  ''  Ves,  sir." 
-*' Your  mother?*'    *'  Yes,  my  mother  and— and— *'  he  apparently  triad 
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to  uy '' father/* nniled  and  added  ••and— both  of  thpm/*  *' Bot  roo 
were  about  to  say  your  mother  and — ?*"  "My  mother  luid — and— her 
husband.'*    The  second  case  U  that  rare  occurrence,  auto-hyp uotUm. 

One  of  the  etadents  can  fU  down,  lay  out  a  certain  course  of  aotlvo, 
hvpnotfze  himself,  perforxned  the  prcdetermlneti  operatlona,  return  to 
bis  «<*Jii  and  uukc  up.  While  in  tbU  state,  do  outside  personality  has 
any  iufluence  over  him.  He  has  used  this  power  several  ttraes  to  Induce 
sleep  at  night,  waking  as  usual  the  uexc  morning.  On  one  ooc&aloD 
feeltuK  rathi^r  exhausted  he  dropoed  Into  a  chair  and  said  be  would 
hypnotize  himself.  In  order  to  feel  well  upon  awakening.  Aooordlngly 
he  did  so,  and  after  about  forty-five  sociinds  awoke  declaring  that  nU 
head  felt  much  better,  though  his  body  was  still  tired.  It  is  to  be  re- 
gretted (hat  the  uhservatlons  were  condncted  for  their  popular  Interest 
more  Ihnn  for  ihctr  scicutltlc  value;  it  1^  to  be  hoped  that  this  case  of 
auto-hyp Dotisu  will  be  more  carefully  obe«rved  and  described. 

E.    W.    SCRIPTtJRZ, 

IV.— SIGHT. 

Grbefp,  Untenwhuiiffen  iiber  binokulant  3*hen  mil  Anwtndung  de* 
Stringtchen  Fallveraucht^  Zeltscbrlft  fur  Psychologte  and  Phy»iolo||fle 
der  SInnesorgane,  IBKJ  III  21. 

ThiH  is  a  more  careful  teat  of  Herlng's  experiment  with  the  falliof 
balls  In  order  to  determine  the  accuracy  of  our  perception  of  the  thlra 
dimen(>ioQ  and  the  conditions  upon  which  it  depeode.  The  apparatus 
used  by  Hering  and  the  conditionft  of  the  experiment  were  somewhat 
modifled  by  Or,  GreelT,  but  only  with  a  Tlew  to  greater  mathematical 
accuracy  tu  the  results,  and  to  n  greater  variation  of  the  clrcumstanctta 
uuder  which  the  judgment  of  observer  was  to  he  formed.  TTih  distance 
between  the  eyes  and  the  point  of  fixation  was  made  definite  and 
measurtN).  A  screen  was  employed  so  as  to  make  the  angle  at  which  the 
falling  hall  could  be  seen  the  panic  for  all   the  experiments.     Also  a 

{>erforated  screen  was  plsced  above  the  line  of  vision  with  the  boles  la 
t  at  reeular  diataucc*  whlth  were  measured.  The  balls  were  dropped 
throuKii  these  perforations  and  the  judgments  of  the  observer  recorded 
with  the  known  and  deflnite  distance  of  the  fnlling  hall  from  the  point 
of  fixation  whether  before  or  behind  It.  The  design  in  shutting  off  from 
view  a  part  of  the  distance  of  the  falling  ball  and  including  only  that 
came  within  (he  limits  of  a  given  angle  wan  to  exclude  the  influence  of 
occular  movements  upon  the  judgments  of  localization  in  relation  to  the 
point  of  flxftlion.  'ITie  ohfKTVor  looked  throngli  a  i-ooical  shflf^ed  roll  of 
paper  with  the  Inuer  surface  darkened,  and  the  apex  or  smaller  end 
farther  from  the  eye  in  order  to  prevent  the  entrance  of  disturbing  rays 
of  light  Into  the  eyes.  'V\\\s  conical  tube  was  about  30  cm.  1on|^,  aud 
the  wider  end  about  20  cm.  wide.  The  point  of  fixation  in  a  box  of  90 
cm.  length  and  30  cm.  width  was  situated  95  era.  from  the  eyes.  This 
distance,  however,  secmeil  to  vary  with  (he  coodltlons  necessary  to 
produce  the  parallel  poHltion  of  the  eyes  by  means  of  a  prj^m  Iwfore 
one  of  the  eyes.  This  expedient  wa«>  resorted  to  in  order  to  remove  the 
force  of  the  supposition  that  a  convergent  position  of  the  eyes  had 
something  to  do  with  tlie  judgments  of  localization.  In  all  his  experi- 
ments Dr.  Qreeff  found  that  at  all  distances  the  judgment  of  distance 
was  as  correct  when  the  eyes  were  In  a  parallel  posltlou  as  when  con- 
vergent, 'i^o  observer's  cnnUdcDce  and  certainty  were  as  great  In  one 
case  as  in  the  other.  The  2  to  3  per  cent,  of  failures  he  attributes  to  the 
fluctuation;^  of  attenllou  aud  the  coincidence  of  winking  with  the  fall  of 
the  ball.  The  most  noticeable  feature  is  the  marked  difference  between 
moooeular  aud  binocular  vision  In  regard  to  the  correctnees  of  the 
Judgment   of   distance.    The  first  set  of  experiments  repreeenti  four 


dlflerent  conditions  with  &  common  point  of  fixation  1.12  cm.  from  the 
observer.  The  first  BO  trltls  were  with  monocalir  and  the  Mcond  80 
with  binocular  vision  and  without  the  use  of  prisms.  The  third  set  wM 
with  the  aid  of  a  prism  to  produce  the  parallel  position  of  the  ejea, 
asd  the  fonitb  set  of  60  trials  was  with  prisms  that  produced  a  sltj^htly 
divetveDt  position  of  the  visual  axes.  The  Judgments  represent  the 
relat^e  localization  of  the  falling  thall  comparM  with  the  point  of 
fixation.     Following  are  the  reaolts : 
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The  prisms  were  placed  before  the  rtsht  eye  and  were  multiplied  in 
order  lo  prcHluce  the  utmottc  degree  of  drverKence  possible.  The  re<tQlta 
are  three-fold.  First,  the  increased  accuracy  of  binocular  over  monocular 
vision.  AVomi,  the  equal  accuracy  of  all  thr<*  poaitlons  of  thr  eyes  in 
the  Judgment  of  relative  distance ;  namely,  the  convergent,  parallel,  and 
divergent  positions.  TViird,  the  coincidence  of  error  with  that  degree 
of  divergence  which  overcomes  the  tendency  to  fualon.  When  the  same 
general  principles  were  observed  and  the  point  of  fixation  was  made 
60  cm.,  of  200  falls  In  monocularvlsion  51  per  cent,  was  false,  and  200  In 
binocular  vision  only  1.5  per  cent.,  98.5  per  cent,  being  correct.  This  set 
of  conditions  waH  SASumed  ns  a  starting  point  for  Increasing  the  dis- 
tance of  the  point  of  fixation  In  order  to  sec  what  the  limit  of  correct 
locallzAtiou  would  be  when  the  balls  fell  the  same  distance  before  or 
behind  the  point  of  fixation.  When  the  last  was  made  1  m.  the  i>ercent- 
age  of  failures  was  stUl  1.5  per  cent;  at  11  m.  It  was  only  I  per  cent.    At 

9  m.  the  failures  inci^ased  to  3  per  cent,  and  at  3  m.  they  were  6  per 
cent.  This  result  suggested  two  changes  In  the  experiment.  First,  the 
enlargement  of  the  angle  through  which  the  ball  fell;  anil,  second,  the 
Increase  of  the  distance  from  tbe  point  of  fixation  for  tho  falliug  ball. 
It  waa  found  that  with  the  enlargement  of  the  angle  of  vision  and  tuns  of 
the  visoal  field  under  the  same  conditions  as  above  the  failures  d^ 
creased  down  to  *2.5  per  cent,  when  the  distance  between  the  edlget  of 
the  screen  was  20  cm.  This  was  for  binocular  vision.  For  monocular 
vision  under  these  last  conditions  the  errors  were  4.3  per  cent.  But 
with  the  fixation  point  3  m.  distant  and  starting  with  1  cm.  fllstance 
from  that  point  for  the  falliug  ball  this  distance  was  IncreaMid  up   to 

10  cm.  when  the  percentage  of  errors  bud  fiilleu  to  2  per  cent,  from  0 
per  cent.  This  relation  was  more  particularly  determined  by  a  set  of 
experiments  with  two  dlflerent  persons  and  the  aame  general  result 
obtained.  The  general  conclusion  reached  by  Dr.  Green  was  that  the 
localization  was  proportioned  In  Its  deflnlteness  and  accuracy  to  the 
ratio  between  distance  of  the  fixation  p<.>lnt  from  the  eyes  and  the 
dlatenrn  of  the  falling  ball  from  tliat  point.  'Ilie  matter  was  then  more 
OftrafoUy  tested  by  the  study  of  cases  In  which  one  of  the  eyes  was 
either  naturally  or  artificially  affected  by  influences  that  diminished  the 
distinctness  of  the  Images  :  naturally  by  maculae  comeae,  oataraota  Id- 
cipleos,  acnbljopla  cougeulu,  etc.  \  artificially  by  powdered  leoMa. 
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'the  reaolts  In  locallzAtloo  were  much  u  tn  Che  flnt  cue.  Th«  Dumber 
of  errors  was  remarkably  small.  Mnf;  for  100  trials  3  p«r  ceal.  when 
the  fixation  point  was  I  m.,  3  per  cent,  when  It  was  S  m.,  &  per  ceot. 
when  It  was  :]  m.^  18  per  cent,  when  It  was  4  m..  and  Sti  per  cent,  wbeo 
It  was  5  m.,  and  the  left  eye  roiimsentlng  a  dl^thictneea  of  f<^  to  |  tor 
the  rij^ht  ey*'.  With  the  ratio  of  H  for  the  ri^ht  and  j\  for  the  left  ey«, 
and  the  dlataocc  of  the  fixation  point  1  ni.  the  errors  wore  3  per  cent^ 
and  20  por  cent,  when  the  distance  of  the  fixation  point  was  9  m.  !%« 
distinctness  of  vision,  therefore,  according  to  Dr.  Greefi*,  has  very  UtU« 
to  do,  within  moderate  limits,  with  the  perception  of  relative  dUtancM. 
Columbia  College.  J.  H.  Hyulop. 

HsaiKG^  iVfi/«n^  d«r  aopennannttn  Farbtmdreiteke  mil  Sif/it  dM  figr^ 
henstnneM  evxentriacher  N^ihantstellen^  Archlr.  f.  d.  ges.  raTsloloffte 
1890  XLVIXI  417. 

At  the  time  of  the  publication  of  tless^s  study  of  the  peripheral  color 
sense  Herlng  hasvA  upon  It  a  crltlijue  of  the  Young-Helmholz  theory 
(both  papers  reviewed  in  thUJoiKNAL,  III,  :203,  204).  The  present  paper 
Is  a  eoDttouaclon  of  that  critique  with  particular  reference  to  the  color- 
triangle  of  ICr^olg  and  Incldeutallvto  thoM  of  Maxwell  and  Flck.  Fleriog 
findii  one  and  alt  of  them  uud  indeed  all  ]>08slble  color<triangles  m&de 
upon  the  VouDg-llr'lmholz  theory  out  of  harmony  with  the  facts 
eatabllHhed  by  Hesi.  'Hie  dUouRslon  is  technical  and  for  li  the  reader 
Is  referred  to'tho  urigirml.  In  the  laUerpart  of  the  paper  he  also  show* 
the  Irreconcilable  opposition  between  the  observed  brightness  of  colors 
seen  with  the  periphery  of  the  retina  and  the  three-color  theory,  clltng 
in  part  the  results  of  a  study  of  that  subject,  alao  by  Hess,  presently  to 
be  published.  The  reply  of*  tick  to  hi»  former  pamr,  reviewed  to  *tbo 
Jou»NAL,  Illf  fi74,  reached  him  to  late  for  si>eclal  rejoinder,  but  he 
considers  its  points  answered  in  the  preseui  paper,  aud  counts  upon 
Flck  as  a  convert  when  he  shuU  have  tovcBtigatcd  the  matter  by  Bess's 
method. 

£.  C.  Sakfo 

KlobL'KOW,    VoriuHngnertucK    tvr  Demonstration  dor   Wirtntng 
Complement^rfartten  nnd  Parhengemtichen  beim  Za«imiaeK6rU{7en  von  ge- 
mtten  Farbatoffttn^  Ann.  d.  Physlk  u.  Chemle  1891  XLUl  438. 

In  explaining  the  efllects  of  mixing  colon  Co  a  large  audience  tt  Is 
very  desirable  to  have  direct  mixtures  aud  not  those  produced  by  the 
color-discs.  It  l*  proposed  to  have  colored  solutions  of  Uie  desired 
sliades  so  prepared  that  they  are  not  soluble  In  aud  cannot  take  color 
from  one  another  but  have  a  great  dlflerence  of  specific  gravity.  Two 
solutions  are  shaken  together  in  such  quantities  that  the  desired  color 
Is  produced.  The  mixture  Is  than  allowed  to  stand  a  short  time,  at  the 
end  of  which  the  two  component  colors  are  found  separated  one  above 
the  other.  For  example,  to  show  the  effects  of  a  mixture  of  red  sod 
green  a  solution  of  Midehydegreen  in  amrlaleohol  aud  one  of  cobalt- 
salts  in  water  arc  u§ed.  If  the  proper  ;glreugths  are  employed  cbe 
mixture  Is  a  dirty  white,  'llie  addition  of  common  salt  to  the  cobalt 
solution  hasteus  the  separation  of  the  two.  For  mixtures  of  blue  and 
yellow  a  solution  of  phenanthreuchlnon  or  some  other  derivative  of 
chlnOD  that  is  Insoluble  In  water  but  soluble  hi  amylalcohol  and  an 
ammonlacal  solution  of  copper  In  water  are  to  be  used.  Tlie  mixture  la 
a  bright  green  and  serves  to  show  that  mixtures  of  pigment  colors  are 
different  from  those  of  npoctral  colors.  Likewise  a  solution  of  chlnoD 
tn  amylalcohol  aud  u  combination  of  the  solutions  of  cub.-tU  and  copper 
in  water  (as  near  as  possible  to  the  violet  of  tlie  sijectrum)  will  give  a 
dirty  white  when  mixed  In  the  proper  proportions,  whereas  the  oorres- 
ponding  spectral  colors  are  not  complementary. 

E.  W.  SCRIPTCBE. 


OrroLKNoni,  iVwoif«  os$ervazioni  mhI  campo  vistvo  in  pnlcopatici^  Ar- 
ctalvlo  di  Ptflchlatria^  Sclenze  Penal]  ed  Aotropoloeta  ciiminale,  1891 
XU112. 

OttolenghPs  complete  memoir  of  part  of  which  a  resume  is  here  given 
wUl  appesr  as  Vol.  IX  of  the  Bihliot^ca  Aniropoioffica  Ofuridica.  The 
cases  escamtned,  numbering  about  60,  Include  orLmlDalfl,  nearasthenics. 
hypnotic  subjects,  oplleptfcB  aud  prostitutes.  'ITie  uuraberg  are  too 
small  to  base  geneml  theories  upon,  but  some  very  interest  InK  facta 
were  brought  out  by  iavestigatiODS.  lo  the  ca&e  of  crimloals  the  Irreg* 
ularity  of  the  field  of  vlsionf— more  or  less  accootuated  limitation,  and 
vertical  hemiopiu, — wag  found  to  be  the  chief  chiiracterUtlc.  In  neuras- 
thenlcB  the  tiefd  of  vision  was  limited,  but  the  perimetric  line  was  regu- 
lar and  the  limitation  coocentrlc  for  colors. 

From  hU  obt^ervatlons  (m  Ave  hypnotic  Hubie(^t^,  Ottolengnl  concludes : 
1,  thai  lu  caae  of  fnpeuially  hy»berlc&l  hypnotic  subjects  the  field  of 
vision  can  be  nonuallv  extendcti ;  2^  In  a  state  of  mouoiuelDiu,  of  psychic 
exaltation,  the  llmlu  of  the  field  of  vision  are  much  extended, 
but  do  not  go  over  the  physiological  limits;  .'I,  in  the  hypnotic 
state  the  field  of  vision  d€>es  not  vary  notably.  The  variations  depend  upon 
the  state  of  psychic  excitation  in  which  the  subject  fluds  himself.  When 
the  8ab|ect  1a' in  a  tranquil  somnambulistic  sr^Le,  ihe  tietd  of  vision 
varies  least  in  extension  but  It  can  become  irregular  if  the  subject 
doe^  not  readily  perceive  or  in  fatigued.  The  field  of  virion  is  modified 
by  the  euggcstton  which  U  exerting  Ite  infiuencc  on  the  subject.    The 

fl^reater  the  sensitiveness  and  excltantllty  of  the  subject,  the  more  regu* 
ar  is  the  periphery  of  the  field  of  vision. 

In  the  eases  of  four  occasional  criminals  (women)  only  one  case  of 
limitation  of  the  visual  Held  was  met  with  aud  no  irregularity  of  the 
periphery,  lu  the  ca.«e8  of  four  male  occasional  criminalr^,  only  two  had 
the  field  of  vi&lon  slightly  limited.  Amongdt  ten  lypicil  female  crim- 
ioai*,  however,  all  but  two  showed  more  or  less  liniiUtlon  of  the  field 
of  virion.  Of  eleven  typical  prostitutes,  eight  bad  limiution  of  the 
field  of  vision,  debt  Irregular,  and  four  broken  perimetric  lines.  Id 
the  cases  of  four  nysterlco-cpilcptics  the  field  of  vision  was  limited,  bat 
the  |>erimetric  line  was  always  r<?gular;  in  one  case  lateral  hemlopia  w&fl 
met  with.  Of  Kt  young  criminalJi  (boys),  the  field  of  vision  was  limited 
In  twelve,  and  in  six  the  wirimelrlc  ilii*' wil*  broken.  lu  live  cases  the 
limltatlou  assumed  the  form  of  partLai  vertical  hemlopla.  Amongst 
eight  epileptic  boys  the  field  of  vision  was  conalderubly  limited  for  both 
the  eyes  In  five  cases,  in  four  cases  the  periphery  was'  Irregular,  and  In 
three  cases  partial  vertical  hemlopla  was  found.  Ottolengbl  considers 
that  these  results  cast  doubt  ou  the  opinion  of  Schule  that  in  epUeptlo 
children  the  field  nf  vii^lon  is  not  Injured.  He  considers  that  these  new 
observutiotis  i-ontlrm  the  fact  ascertained  before  tliat  the  extension  and 
the  regularity  of  the  field  of  vision  follow  very  laiUifuUy  the  vortatiou 
of  the  psychic  state  of  the  individual. 

A.  F.  CnAMBERUOK. 

DosTWiCK,  BAiiMtfM  of  distance^  Sdence  1892  XIX  118. 

The  reproduction  of  small  distance;  Is  not  taflneoced  by  Immediately 
preceding  reproductions.  The  mean  variation  In  estimates  depends  on 
previous  trauiliLg. 

E,   W.  SORtlTURK. 


A  LABORATORY  COURSE  TS  PHY8IOLOGIOAX 
PSYCHOLOGY, 


Bt  EoMimD  C.  Sanpord,  Ph.  D. 


(TWrd  i'le^per.) 

V— VISION, 

The  Kechanibm  op  the  Ete,  and  Vision  in  Oxkebal. 

Apparatus.  Mauy  of  the  experlmenu  of  thla  secttOQ  can  b«  performed 
with  very  vlmnle  appftraluft,  tukdc  oa  the  ftpot.  Th%  followlDg  materiaU 
will  be  needed :  Pios.  cards,  corks,  a  candle,  a  couple  of  poMaffe^^tampa, 
a  watch  Klass,  pieoee  of  colored  gU8«,  black  and  white  card'ooard  Coot 
ghloy),  colored  papers,  a  light  wooden  rod.  Four  iDchea  square  it  a 
convpulent  size  for  the  k\ba^,  of  which  two  pieces  should  be  cobalt  blue, 
one  red.  Any  colort^  Papers  will  serve;  thooe  made  for  artificial 
flowerfi  arc  eisy  to  eet  In  larKc  varl<^ty  of  tintfl.  A  fine  series  of  papers 
in  Ilelmholtzian  colors  Is  sold  by  R.  Jung,  lltidclberE.  lu  addition  to 
these  supplies  there  is  need  of  a  double  coaver  lens  of  short  focoa,  two 
inches  or  naore  In  diameter:  an  ordinary  burning  or  readlnfc  glass  would 
do,  though  those  mounted  on  an  adjustable  stand,  cosllog  $3.50  and 
upward  from  the  physical  instrument  dealers,  are  more  coovenlent; 
alec  a  concave  spectacle  lens. 

For  Ex.  99  a  p]nk*eved  rabbit  and  a  little  modeling  clay  are  necessary. 

An  tnstnuneDt  for  fnctUting  Ex.  I(i3  (a  I'hakoscope)  can  bo  had  from 
Jung  for  25  marks;  a  more  elaborutc  inAtrumcnt  of  the  same  name  is 
quoted  by  the  Cambridge  Scientific  Instrument  Co.,  St.  Tibb's  Row, 
Cambridge,  England,  for  £  8-8. 

For  Ex.  109  and  other  exper- 
iment)^ a  Arm  head  rest  of  some 
sort  Is  required.  For  most  pur* 
poses  one  liko  that  tiihowu  In  the 
cut  will  answer  well  enough  aud 
can  easily  be  made.  Fig.  A 
sbowB  a  board  about  3D  In.  nigh 
and  12  in.  wide  with  a  U-6liap«d 
opening  cut  In  the  top  to  re- 
ceive the  face,  the  chin  renting 
at  a.  Fig.  B,  the  top  view,  shows 
the  cross  piece  against  which  the 
forehead  rests  at  b.  The  whole 
when  lu  use  is  clamped  to  the 
edge  of  the  table.    When  a  cora- 

Slete  Immobility  of  tlie  head  Is 
esired  It  is  best  sf'cured  by 
providing  a  thin  board  cut  out  so 
that  it  can  be  put  Into  the  mouth 
and  taken  between  the  jaws.  If 
the  parts  upon  which  the  teeth  r^st  are  covered  with  sealing  wax  and 
are  bitten  upon  while  the  wax  Is  still  soft,  not  only  is  a  firm  supirart  for 
the  head  secured,  but  the  head  can  be  returned  again  exactly  to  Iti 
former  position  after  an  interval.  If  desired.    Such  a  mouth  board  could 
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«ft8ily  be  ftdded  to  the  sapport  shown  In  the  cut.  Por  plcturet  of  such 
mouth  boards  cf.  UennaoD.  Uandbucb  der  Physiol.  Ill,  pt.  2,  pp.  440, 
473  and  478,  also  HelmholtE,  Optlque  phr^lotoglque,  p.  666  (p.  517  o( 
the  flrsc  edition),  Aubert,  rhy»ioIogi«ehi'  0|nik,  p.  047. 

For  Ex.  110  miike  a  saturated  solattoD  of  chrome-alum  in  water,  Alter 
aud  put  into  a  flat-aided  clear  glass  bottle.  Dilute,  If  necessary,  till  the 
yellow  spot  can  be  obserred  as  described  la  the  experiment. 

£z.  116  rciiulrcs  a  pair  of  electrodes  and  a  battery.  The  electrodes 
can  be  made  uy  RolderinK  couDectln^  wires  to  plates  of  brass  or  zinc, 
two  and  a  half  Inches  wide  by  three  long,  ami  coveriog  them  with  cloth. 
Some  kind  of  a  key  for  opening  aud  closing  the  circuit  and  a  commuta- 
tor for  chaDglDfC  the  direction  of  the  current  are  helpful,  thoueh  not 
essential.  Any  battery  rWIdjc  a  auffloiently  stroni^  current  wfil  do; 
one  of  four  cells  of  the  "  eouda '*  pattern  haH  proved  oufflcicnt  for 
demonstnttlve  purposes,  and  a  very  much  weaker  one  will  serve  tor 
lowing  the  flath  from  electrical  stimulation. 

Ex.  119,  involves  a  rouilon 
apparatus  of  some  kind  and  a 
disk  traced  with  a  spinil  as  In 
the  cut.  Any  rotation  apparatus 
will  do,  but  If  the  laboratory  Is 
supplied  with  batteries  one  of 
the  fimall  eloclrlc  motors  now  to 
be  had  at  a  very  low  price  Is 
easily  adaptable  for  use  and  is 
extremely  convenient.'  A  Porter 
motor.  reUUiuK  at  $3.00,  has 
been  used  with  success  In  thia  la- 
boratory. It  Is  well  to  have 
the  disk  large,  a  foot  iu  diameter, 
aud  the  line  of  the  spiral  thick, 
three  eighths  of  an  Inch  across, 
and  a  good  black. 

Id  a  number  of  experiments 
black  or  white  screens  are  to  be 
osed.  A  (•Imple  piece  of  black  or  white  card-board  will  generally  answer 
but  somcUmci^  the  more  permanent  form  Indicated  In  the  cut  U  conven- 
ient. It  consists  of  an  upright  board  18  inches  high,  seven  eights  of 
an  Inch  thick  and  13  inches  wide, 
firmly  fixed  on  a  wooden  base. 
In  the  cut  the  base  Is  made  too 
large.  One  side  of  the  upright 
ta  oovered  with  black  curd-buurd 
(or  painted  a  dull  black),  the 
other  with  white  card-board. 

Of  models  helpful  In  under- 
standing the  mechaulam  and 
functions  of  the  eye  there  are  a 
norober.  Anatomical  models 
are  quoted,  among  otherK,  by 
JuDK  (13marksi ;  byKuydkCo., 
i;  ftrk  Place,  New  York,  (96.00 
to  tJS.OO)  ;  by  Uueeu  &  Co.,  034 
Cheatnut  St.,  Philadelphia  (Au- 
zoax  models,  $19.00  and  9X>'00 
without  duty).  Of  physiulogicAl 
modeln,  thf^  bcHi  for  accdnimiMla- 
tlou  aud  the  like  Is  KUhne's  op- 

>  Fm-  tulisr  larormkUoa  oa  r  jCaIjoj  »m>wmtm  tw  tba  iBtrodaoUaa  to  Uw  moUob 
on  c-oloT'TlAlon,  to  follow. 
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tical  ej-e  made  by  Jung,  nt  05  marks,  by  the  Oanibrfcige  6cW)Btl6c 
lunrumcnt  Co.,  bc  £7.  The  notion  o(  the  mutclei  aod  rhe  be> 
havlot-  of  the  eye  tn  motion  U  Ulurtrated  by  the  Ophtliulmoiropr, 
descrlbetl  with  out  by  HelmhoUz,  Optltiut?  physlolt^qoe  p.  Crs,  (p. 
527  In  the  (German  edition).  This  Inttrniment  Id'to  be  had  of  Juni^.  at  J5 
msrk».  of  the  Cttmbrldge  Sc'lentlfli;  Instrument  (.'o.,  for  £10;  aiwS  o! 
other  t]fiili'r#  alrno.  Another  hi»>trtiini'nc  for  the  came  purpose.  uaJled 
the  BIcmmatotrope  Is  described  by  llermnnn  In  PflUifer-a  Archiv.  VIII, 
1873,  p.  ;tOB.  The  motions  of  the  eye  and  their  effect  on  the  rrtlnal 
Imaffe,  such  espeolallr  aa  tho^e  mentioned  In  Ex.  1£t,  are  Hnely  «howii 
bv  tne  Pheuophthalniotrope  of  Donderi,  described  In  v.  Gmefc's  Archir 
fl3r  OphtbaliiioloKl*'.  Bd.  XVI,  1870,  and  gold  by  June  at  TO  mark*.  An 
Unproved  form  of  ihe  instrument  ia  to  be  had  of  I>.  B.  Ka^oaar.  R^tts- 
Unlverfiiteit.  Uirecht,  at  40  fruilderit.  SuggestloDfl  for  simple  lllu«tra- 
tlve  apparatus  wHl  be  found  with  the  deecrlpti^n  of  the  experimcota. 
Standards  and  rods  with  clampa  and  unlver&al  Joints,  thouglit  not  dis- 
tinctively for  visual  experiments,  are  bv  far  the  most  important  of  the 
general  cnnvenlencea  of  a  laborutorv.  'fliey  enter  into  the  la^tting  up  of 
very  many  experiments  and  a  liberal  share  of  even  a  small  appropHutJon 
may  well  be  invested  In  them.  Ordinary  clamps  can  be  bought  in  all 
sizes  at  the  hardware  stores  at  prlc«'p  from  ten  cents  apward.  The 
standards  and  couplers  to  be  hnd  from  the  chemical  and  physical  Id- 
fltrument  dealers  arc  miidc  for  another  purpose  and  are  not  very  satis- 
facl<>ry  In  the  psychological  laboratory.  Those  made  for  phvstologUtv 
and  photographers  are  better.  WUhelm  Petzoldt,  Balriecbe  Str.  1.1, 
I^lpsig,  makes  a  considerable  variety,  of  which  the  following  have  been 
found  uKcful  in  the  physiological  and  psrchological  laboratories  of 
Clark  Uulver^'iiy.  SundanlKt  simple  tripods  with  Interchangeable 
rods  of  [)  and  13  mm.  diameter,  0.50  mark!',  and  large  tripods  with  lerel- 
log  icrews  in  two  of  rhe  foet,  and  carrying  two  of  tlie  above  mentioned 
Tw*j  at  the  same  time,  16  marks.  Taple-clamps,  which  screw  fiu  to  the 
edge  of  ilie  table  and  are  bored  to  receive  the  rods,  thus  taking  the  place 
ofl^ipod^:  two  kinds,  one  bored  for  the  9  mm.  rods,  but  having  only  a 
vertical  hole,  2.76  marks;  the  other  bored  for  13  mm.  rods  having  both 
horizontal  and  vertieal  holes,  3.A0  marks.  Couplers  to  fit  both  AtK6  of 
rods:  tho^e  fop  the  1?  mm.  rod  (of  Iron)  and  connecting  the  roda  only 
at  right  angles,  2  marks,  those  for  the  9  mm.  rods  (of  brass}  and  con- 
necting the  rods  either  at  right  angles  or  parallel  2.75  marks.  Pptxoldt 
also  makea  small  clamps  of  various  sizes,  like  those  furnished  with  the 
chemical  sets,  mounted  upon  the  9  mm.  r^s,  at  'S  mar&.  I}ie  advan- 
tage of  these  rods  and  couplers  la  that  they  lit  nicely  and  can  be  Mt^P  so 
as  not  to  wobble.  By  using  geVeral  rods  and  couplers  a  universal  mQ«« 
can  be  secured,  but  not  so  conveniently,  as  by  the  ball-Joint  clamps  amh^ 
swivel  couplers  made  for  nhotographers'  use  by  Otis  C.  White,  of 
Worcester,  Mass.  Tho&e  allow  extreme  freedom  of  movement,  and 
when  fastened  do  not  slip  nor  wobble.  'l*hc  ball  joints  are  mad« 
to  clamp  on  the  edge  of  tlie  table  or  to  screw  upon  the  end  of  rods. 
The  first  can  be  had  in  great  variety  of  sizes,  a  convenient  one  acting 
half  inch  rods  costing  41.25.  The  swivel  couplers  allow  the  coupling  of 
the  rods  In  any  positToo  relative  to  each  other,  those  of  size  to  connect 
half  inch  and  quarter  inch  rods  costing  60  cents.  Rods  of  various 
diameter  and  length  may  also  be  had  with  the  ball-Joints  and  swivel 
clamps.  In  purctiiufiuig  for  a  laboratory  from  sevenil  makers  it  would 
be  well  to  fix  upon  Btundftnl  sizes  for  rods  and  flttiagi;  so  that  all  may 
be  interchangeable;  and  also  to  fix  upon  a  standard  size  and  number  of 
threads  to  the  Inch  for  all  screws  cut  upon  the  rods  so  that  any  clamps, 
pulleys  or  other  small  pieces  of  apparatus,  made  to  screw  upon  ooe, 
will  fit  all. 
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Ob  VMon  In  gviwr&i  cf.  Helmholtx,  Haadbocfa  dw  phnktlocrfschan  OpUk.  (Hae  Meond 
Ovnuan  t^lUou  tuu  (rAchoil  mge  400  :  tke  latcA  oosnpieto  mJUoo  te  the  Prm^  tniula- 
tlon.  Optkiuf  PhrslolnftlqiH^,  Parb.  lUTi.  Aubert,  OruMUIIjrB  der  phjrmkiloirlnbeo  Op- 
Uk,  LpipxlK,  187a.  (a  portloa  of  Qnmtm  uul  tewnlnh^  Raodbueh  der  Rca- AuKoahMl' 
kuDilpt.  Lb  Qoale,  Sbcbl.  Nrw  York.  lUl.  B«atuiU.  NcUTeaux  Eltoictits  d»  Phvtlolccle 
Humatop,  Parla.  ISM,  lOetuul*.  Uke  Uvlmholu,  kIvm  MbUocrapbint).  Wundt.  PhndolO' 
fiacbe  PxrchnloKle.  H,  8Z-3ni.  Henuaiui**  HauObuch  der  Pbyvlolosle,  Bd.  ul.  Tb- 
1,  LripUie.  1879. 

Tbe  refWvsoea  fnUowInK  tbe  exp«>nm«au  Wlow  are  madeehlcHy  to  Helmholtit,  the 
iiasea  of  tbie  o«w  Oerman  mIUod,  toe  Fn-ooh  edlUon.  auJ.  In  |Hkr«oiuwta  foUowloK  tiie 
biter,  of  the  flnt  Qermaa  t^llUon  bvlntt  ir1v«a.  but  tbe  ezperiueola  of  this  aevtloD  ar« 
mor*  or  lew  fully  dliou»«d  In  aboott  all  of  tbe  work*  Juit  nwnUonvd  and  In  many 
ottwnbevMM. 

90.  The  retinal  Image.  The  mechanisms  of  the  eye  accomplish  two 
thlDfCt*:  tho  projcctioD  ol  a  well  detlned  IrnnK^  ou  th'e  retina;  and  the 
ready  tthifllug  of  the  eye  bo  as  to  bring  ?uoeesslve  portions  of  the  Imai^e 
Into  the  best  position  for  vision.  The  retinal  Image  U  readily  seen  in  the 
nnplgmeDCed  eye  of  a  pink-eyed  rabbit.  Chloroform  the  rabbit,  remove 
tbe  eyes  and  mount  tJiom  in  clay  for  readier  handling.  Malce  a  thick 
ring  of  clay  with  an  internal  diameter  a  little  greater  than  that  of  the 
cornea  of  the  rabbit's  eye,  place  the  eye  cornea  downward  In  the  ring  and 
lay  a  similar  ring  upon  It  to  keep  it  in  place.  It  can  now  be  handled 
eJisily  and  Turned  In  any  direction.  'L'uru  It  toward  the  window  and 
from  behind  ubserve  the  inverted  Image  ou  the  retina.  Bring  the  hand 
into  range  and  move  it  to  and  fro ;  observe  that  the  Image  of  distant  ob- 
jects Is  more  distinct  than  that  of  the  hand.  If  convex  and  concave  len- 
ses  are  at  himd  (spectacle  lenses  will  answer}  bring  them  before  the  eye 
and  obeervG  tti&t  the  effect  ui>ou  the  retinal  Image  Ts  similar  to  that  leea 
subjectively  when  they  are  held  before  the  observer's  own  eye.  Reverse 
the  eye,  holding  it  retina  side  toward  the  window,  and  observe  the  ra- 
diating and  circular  fibres  of  the  Iris.  The  eye  must  be  fre^ab,  for  If 
long  removed  It  loses  its  transparency. 

100.  Accommodation.  The  sharpness  of  the  retinal  Image  depends  on 
the  adjustment  of  the  crystallne  lens,  which  must  be  such  as  to  focos 
the  tight  from  the  object  under  regard  upon  the  retina.  The  lens  must 
be  thicker  and  rounder  for  near  objects,  thinner  and  flatter  for  more 
tllstaut  ones.  Thi't^c  adaptalionr.  of  the  eye  are  known  nn  AccctmmodatiOH. 
Tlie  changes  in  the  clcurneos  of  the  retinal  Image  are  easy  to  observe 
subjectively.  Hold  up  a  pin  or  other  small  object  six  or  eight  Inches 
away  from  the  eyes.  Close  on©  eye  and  look  at  the  pin  with  the  other. 
The  outline  of  the  pin  is  sharp,  but  the  outlines  of  things  on  the  other 
side  of  the  room  behind  It  are  blurred.  IxKtk  at  these  and  the  outllae 
of  thf^pln  bnconiCH  blurred.  Notice  tlie  fi-ellng  of  greater  strain  when 
looking  at  the  nearer  object.  The  experiment  is  somewhat  more  strik- 
ing when  the  nearer  object  Is  a  piece  of  veiling  or  wire  gauze  and  the 
farther  a  printed  page. 

On  thtD  and  tht  nntt  two  rzporimeata  cf .  nrimboltz,  Phytfoloirisoba  OpUk,  2nd  Ed. 
pp.  113-llB,  Freach  Ml.  pp.  119  <ft)}-lM  (M). 

101.  Accommodation.  Schelner*s experiment,  a.  Pleroeacard  with 
two  fine  holes  separated  bv  a  less  distance  than  tbe  diameter  of  the 
pupil,  say  a  sixteenth  of  an  Inch.  Set  up  two  pins  In  corks  distant  re- 
spectively eight  and  twenty  inches  In  the  line  of  8lehl;  doee  one  eye 
and  holding  tlie  card  ctoi^e  before  the  other  with  the  holes  In  the  same 
horizontal  Tine  look  at  the  nearer  pin ;  the  farther  pin  will  appear 
double;  look  again  at  the  nearer  pin  and  while  looking  cover  one  of  the 
holes  with  another  card;  one  of  the  images  of  the  farther  pin  will  dis- 
appear, the  left  when  the  left  hole  Is  covere<l,  and  the  right  when  the 
right  is  covered.  Ixmk  at  the  further  pin  or  beyond  it  and  rejieat  Uie 
covering,  covering  the  left  hole  now  destroys  the  right  linage  of  the 
nearer  pin,  and  covering  the  right  destroys  the  left.  Why  this  should  be 
so  will  be  clear  from  the  diagrams  below.  The  upper  diagram  Illustrates 
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the  coane  of  the  ray*  of  light  when  the  «ye  li  accommodated  for  the 
nearer  ptn ;  the  lower  dUrram  when  U  U  acoonunodated  for  the  fartber 
pin.  A  and  B  rcprcfleot  the  pins ;  8  aad  8  the  pieroed  screen ;  d  and  d' 
the  holes  Id  the  screen;  c  and  e  the  lens;  a'ba"  and  b"ab'  the  retina; 
A\  A'\  S\  and  B",  the  posldooi  of  the  double  Imues;  the  solid  line* 
the  coarse  of  the  rays  from  the  ptn  accomniodftted  xot;  the  dottad  llMt 
the  course  of  the  rays  from  the  other  pin ;  the  Wnv^  of  dsshea  ttie  UMi 
of  direction,  i.  «.,  those  giving  the  direi-tlon  In  which  Che  Images  appear 
to  the  observer.  In  the  upper  diagram  the  raya  trooi  B  ure  focused  to  a 
single  rutiDal  Image  at  &,  while  those  from  A^  being  leai  divergent  at  fint, 
are  brought  to  a  focus  nearer  the  lens,  cross  over  and  meet  toe  r«tina  at 
a'  and  a"  and  since  each  hole  Id  the  screen  eufllcea  to  produce  a  retinal 


Image,  cause  the  pin  to  appear  double^  and  Its  two  Images  are  referred  out' 
ward  as  nsual  with  retinal  images  along  the  lines  of  direction,  (which  cro«t 
a  little  forward  of  the  back  sdrface  of  the  lens,  la  the  croBMing  point  uftht 
Untt  of  direction}^  the  right  retinal  image  corresponding  with  the  left  Of 
the  double  Images  and  vice  vena.  If  now  the  right  hole  in  the  screoD  be 
cIo8e<l  the  left  retinal  Image  and  the  right  double  iiuage  dlutppear.  Hie 
case  of  accommodation  for  the  farther  ptn  will  be  clear  from  the  lower 
diagram,  If  attention  Is  given  to  the  dotted  and  dashed  Hues.  It  will 
alao  be  easy  to  explain  why  moving  the  card  when  looking  through  a 
elngle  pin  hole  causes  apparent  movt^ments  of  the  piu  not  accommo- 
da^  for,  aud  why  In  one  case  the  movement  seenia  to  be  with  the  card 
and  Id  the  other  ease  against  it.  6.  Stick  the  pins  Into  the  corka  so  that 
they  shall  extend  horlKuntally,  and  examine  them  with  the  card  ao  held 
as  to  bring  the  holes  above  one  another,  c.  Arrange  the  holes  thua : 
•  *  •  and  observe  that  the  triple  image  of  the  nearer  pin  (when  the 
farther  Is  fixated)  has  the  revertie  figure  •  •  •  Schelncr's  experiment 
can  easily  be  Illustrated  with  a  double  convex  lens  and  a  pierced  screen 
of  suitable  size. 

102.  The  Range  of  accommodation,  a.  Find  by  trial  the  nearest  point 
at  which  a  pin  seen,  as  In  Ex.  101,  can  he  seen  single.  This  is  the  near 
potrU  of  accommodation.  For  the  short-sighted  a  far  point  may  also  be 
found,  beyond  which  double  images  reappear.  6.  Find  how  far  apart 
In  the  line  of  sight  two  pins  may  be  and  yet  both  be  seen  single  at  one 
and  the  same  time.  Trr  with  the  nearer  at  SO  cm.,  at  SO  cm.,  at  2  m. 
lliat  portion  of  the  line  of  sight,  for  points  In  which  the  same  degree  of 
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Accommodation  U  aafflcleot,  U  called  the  Kim  of  accommodation .  The 
length  of  the  line  Increases  rapidly  aa  the  dlttance  of  the  nearer  obleot 
from  the  eye  locreaaea. 

Cr.  Helmtioltx.  op.  ett.  0.  Ut.  Uf.  Fr.  Ul  (M>.  123  («T). 

103.  The  MeohtnlftU)  of  accoaimodatlon.  a.  The  chani^e  In  the  lens  in 
accomroodatioD  U  chiefly  a  bulling  forward  of  ltd  autf^rlor  Murfao^.  ThU 
tnay  be  obgerved  a^  roUowtt.  Let  the  aobject  choose  a  fur  aud  a  near 
point  of  fixation  In  exactly  the  ft&me  line  of  vinlon,  close  one  eye  and  fix 
the  other  upon  the  far  point.  F^et  the  observer  place  himself  so  that  be 
sees  the  ey^ot  the  subject  in  profile  with  about  half  the  pupil  8howli^{< 
I^t  the  subject  change  his  fixation  at  request,  from  the  far  to  the  near 
point,  being  careful  to  avoid  any  pldewlse  mntion  of  the  eye.  The  ob- 
8«>rver  will  then  notice  that  more  of  the  pupil  ghowi  and  that  the  farther 
side  of  the  iris  fte«'ms  narrower.  ThU  change  Is  due  to  ihe  bulging  for- 
ward of  the  front  »(  the  lens.  If  the  change  were  due  to  accidental 
turning  of  the  eye  toward  the  observer  the  farther  edge  of  the  Iris 
should  appear  wider  Instead  of  narrower.  6.  Purkloje-Sanson  Images. 
Ttte  changes  In  the  curvature  of  the  lens  mayalao  be  observed  by  means 
of  the  iiUHges  reflected  from  It?  front  or  back  surfaces  and  from  the 
front  of  the  cornea.  Operate  In  a  darkened  room  or  at  ntght.  I^t  the 
subject  choofto  far  and  near  Axtation  points  a^  before.  I^t  the  observer 
bring  a  candle  near  the  eye  of  the  flubject  at  a  level  with  It  and  a  little 
to  one  side  and  place  bU  own  eye  hi  a  pOHitlnn  symmetrical  tn  the  candle 
on  the  other  side  of  Che  mhject's  line  uf  sight.  Careful  examination  will 
show  lixree  reflected  tmages  of  the  flame;  one  nn  the  olde  of  the  pupU 
next  the  light,  easily  recognizable,  bright  and  erect,  reflected  from  tne 
surface  of  the  (cornea;  a  second  nearer  the  centre  of  the  pupil  and  ap- 

Sarently  the  farthcfit  back  of  the  three,  en^t  like  the  flnit.  but  very  In- 
Istinct,  (more  like  a  tight  cloud  thuu  an  iniHge),  rcflecttKl  from  the  an- 
terior surface  of  the  lens;  and  a  third,  a  mere  point  of  light,  near  the 
•Ide  of  the  pupil  farthest  from  the  flame,  Inverted  and  r<*Hected  from  the 
posterior  flurface  of  the  lens.  When  the  observer  has  found  these  three 
images  the  subject  stiould  fixate  alternately  the  near  and  far  points 
^choien.  As  he  flxat«B  the  near  point  the  middle  Image  will  grow  smaller, 
'  advance  and  draw  toward  the  corneal  Image ;  when  he  fixates  the  t%r 
point  the  Image  wlU  enlarge,  recede  and  move  away  from  the  cor* 
ueal  image.  The  llowlng  dlagratoafter  Anbert  llluMrates  the  move- 
ment of  the  middle  Image;  the 
full  Hues  indicate  the  positions 
of  the  cornea  and  lent  aud  the 
course  of  the  raya  of  light  when 
the  eye  is  accommoduted  for  the 
far  point;  the  dotted  Ilneit  Indi- 
cate the  anterior  surface  of  the 
lens  and  the  direction  of  the  ray 
reflected  from  It?  Kurface  when 
the  eye  la  accommodated  for  the 
near  point.  Three  images  simi- 
lar to  those  In  question  can  be 
observed  on  a  watch  glass  and  a 
double  convex  lens  held  In  the  re- 
lation of  the  cornea  and  crystal  Ine. 

or.  Hi^lnnbr>lU.  op.  eif.  <}.  131 -IlL  vipeoiftllr  Ul-IM,  W.  143  UMi— U4  (lU),  aupMilally 
143  (1H>-I4«n07>.    Aubsrt,  Hh/vloloxtoolM  Optifc.  4  U. 

104.  Chromatic  aberration.  Of  the  various  defects  of  the  eye  as  an 
optical  instrument  only  one  will  be  mentioned  here,  namely,  chromatic 
aberration,  and  that  because  It  has  been  supposed  to  offer  a  .possible 
means  of  Inferring  the  relative  distance  of  objects  from  the  eye.    The 
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different  colored  rays  of  HfC^t  are  not  eqoally  refracted  by  the  lens,  the 
violet  mogt,  Che  red  lea&t,  and  the  other  colors  Id  order  between.  The 
point  Hi  which  parallel  violet  rayi  are  brooeht  tea  focus  U  th<<refore 
nearer  the  Icn*  than  the  point  for  red;  andm  order  that  the  same  degree 
of  accomiQoilutlou  uiay  Hcrve  to  .show  a  red  lighted  object  and  a  violet 
lighted  object  itt  the  itaine  time  and  both  witli  full  dUtincine5&.  the  red 
must  be  aomewhat  further  awMy.  a.  The  abt-mttton  can  easily  be  ob- 
serveit  by  looking  at  a  chihII  gas  or  candle  flame  through  a  piece  of 
cobalt  blue  glass  which  trauHuiitft  light  from  the  two  ends  of  the  spec- 
trum chietly.  Hold  the  gla^s  eight  or  ten  inches  before  the  face  and 
fixate  some  point  on  it;  the  flame  will  appear  pinkish  with  a  blue  bor- 
der. Fixate  some  point  considerably  beyond  the  flame ;  the  flarae  Is  now 
bluish  and  the  border  U  a  flue  red  Hue.  b.  I^ok  at  the  edge  of  the  win* 
dow  frame  next  the  pane,  aud  bring  a  card  before  the  eye  m)  thai 
about  half  the  pupil  is  covered ;  If  tite  card  has  been  brought  up  from 
the  frame  side,  the  frame  will  be  bordered  with  yeUow;  it  from 
the  pane  side,  with  blue.  In  ordinary  vision  these  fringes  do  not  appear, 
because  the  colors  overlap  one  another  aod  pro<luc«  a  practicHUy  color- 
fesB  mixture,  c.  v.  Bezold's  experlmeDt.  ^omethlng  similar  may  be 
observed,  on  regarding  tlie  nanulnl  lines  of  the  left  flgure  under  Ex.  Ill 
with  imperfect  accommodation. 

Cf.  Hvlmho\lz.np.fHt.  <i  IdS-lAl;  FV.  1TS<iafe>-179  il31i.  BeauaU.  XoiKvaax  «l«m«ata 
Af  nhrKlolocte  bumalne,  [I.  &0A,  v.  Besold,  ▼.  Ormt-tr^'m  Aruhiv  f.  OpfaUiAim.,  XIV, 
Befl  i.  1-20. 

105.  Accompany  men  ts  of  accommodation,  a.  Notice  that  a*  rb»  sub- 
ject in  Ex.  103  accomodates  for  n  near  point,  hU  pupil  grows  amaller,  and 
as  he  accommodates  for  a  far  point,  grows  larger.  i.'f.  also  Ex.  lOtf,  b. 
Degrees  of  accomuitMlatlon  -suitable  for  objects  at  difierent  distances  are 
habitually  8!>8ot-iated  with  the  nraouuts  of  convergence  of  Che  llne^  of 
sight  nece9ft.iry  to  fix  the  eyes  npon  such  objects,  and  a  little  practice  U 
necessary  iH'fore  the  convergence  and  accommodation  can  be  dissociated. 
Place  a  couple  of  postage  stHOips  six  inches  apart  on  the  table  and  look 
at  them  from  a  distance  of  twelve  or  fifteen  Inches  with  crossed  eyes  £0 
that  the  left  eye  looks  at  the  right  stamp  and  the  right  eye  at  the  left 
stamp;  the  lines  of  sight  now  cross  only  a  few  Inches  from  the  eyes  and 
the  accommodation  Is  for  that  distance  and  not  for  tlie  true  distance  of 
the  stamps,  as  in  betrayeil  by  the  blurring  of  their  images.  Holding  a 
pencil  at  the  crossing  point  of  the  lines  of  sight  U  helpful  In  first  at- 
tempta  at  crossed  vision. 

Cf.  HelmliolU,  op.  cit.  O.  180,  Fr.  143  (104). 

106.  Entoptic  phenomena :  Muxae  volitautes^  etx.  Fix  a  lens  of  short 
focus  at  some  distance  from  a  briglit  gas  or  candle  flame,  a.  Set  up  in 
the  focus  of  the  lenft  a  card  plerted  with  a  very  fine  hole,  bring  the  eye 
close  to  the  hole  and  look  toward  the  light ;  the  eye  jihontd  be  far  enough 
from  the  hole  to  prevent  the  edge  of  the  lens  from  lieing  seen  ;  the  rayi 
of  light  that  now  reach  the  eye  arc  divergent  and  the  crystallne  leas  does 
not  bring  them  to  a  focus  on  the  retina,  but  only  refracts  them  to  such 
a  degree  that  they  traverse  the  eye  nearly  parallel  and  thus  In  suitable 
condition  for  casting  sharp  .shadows  npon  the  retina  of  objects  on  or  Id 
the  eye.  The  leua  will  appear  full  of  light,  and  In  it  will  be  seen  a  va- 
riety of  shadings,  blotches  and  speckf*.  single  or  In  strings,  the  outward 
projection  of  the  shadows  just  mentioned.  The  flgures  in  this  luminous 
field  will  vary  from  person  to  person,  even  from  eye  to  eye,  but  Id 
almost  every  eye  some  will  be  found  that  move  and  some  that  remain 
flxed  and  only  move  with  the  eye.  Of  the  moving  figures  some  are  due 
to  particles  and  viscous  fluld.s  on  the  surface  of  the  eye;  they  seem  to 
move  downward  and  are  changed  by  wiuklug.  Notice  for  example  the 
horizontal  bands  that  follow  a  slow  dropping  and  raising  of  the  upper 
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lid.  Others,  the  miMca«  rofUaiit«^  are  freqaentlr  noticed  witboat  any 
Apparatus;  they  appear  as  hright  Irrfgular  threatls.  striags  of  beads,  or 
groups  of  polata,  orfilnKle  minute  circles  with  lij^ht  eeutre^.  They  »eein 
to  move  downwiird  in  tlie  field  and  consequently  ni-tuully  move  upward 
in  the  vttrious  humor  where  they  are  found.  Of  the  permanent  ones, 
eome  are  due  to  Irregularltte?  of  structure  or  small  bodies  in  the  lens 
and  its  capsule  (spots  with  dark  or  brlf^ht  centre'^,  bright  trreeuUr  lines, 
or  dark  Tadlatln)^  lines  correspond Inf;  probablv  to  the  radial  structure 
of  the  lens);  others  of  a  relativfly  ptTtnanent  •.-tiHraotercan  be  pro- 
duced on  the  cornea  by  continued  rubbing  or  pressure  on  the  eyeSall. 
b.  The  round  spot  of  tight  Id  which  these  things  are  seen  represents 
the  pupil,  and  l  he  dark  ground  arountl  it  the  shadow  of  the  Iris.  Notice 
the  change  in  the  size  oithe  spot  of  light,  as  the  eye  if  accommndated 
for  different  distances  (ef.  Ex.  103),  and  a»  the  otlier  eye  Is  exposed  to, 
or  covered  from,  the  ll^ht.  The  change  begiu>t  in  about  half  a  second. 
It  shows  the  close  couiiectiou  t)f  tin*  iris  mechiinisni-^of  the  two  eyes  and 
Is  typical  of  the  way  In  which  the  two  eyes  co-openite  as  parts  of  a  single 
visual  machine.  .Some  of  these  entoptlc  observations  may  be  made 
with  a  pierc>'d  card  alone,  or  simply  by  looking  directly  nt  a  broad  ex- 
panse of  clear  sky  with  oat  any  apparatus  at  ill. 

Cf.  Hi^lmholu.  op.  cit.  G.  I!l4-m   juhI  T«f«l  I.  which  rttpronpntM  the  appfraranoa  of 
•rreralor  tlie  eoiopUo  objects;  Pr.»4(l40>-314  <l&6f  kiul  PI.  V;  also  pp- M«  (UftwUS 

107.  Hf^tlnal  blood-Te83eI<>,  Purklnje's  vesiiel  figures,  a,  Concentrate  a 
strong  light,  (prefarablv  In  a  dark  room)  or  even  direct  Runllght,  with  a 
double  convex  lens  of  ifiort  foiu^  ou  the  r^clerotic  in  the  outer  corner  of 
the  eye  of  the  subject,  requesting  him  t<i  turn  the  eye  toward  llie  nose 
and  giving  him  a  dark  background  to  look  toward.  Makethcspot  of  light 
on  the  sclerotic  as  small  and  sharp  as  possible  and  give  to  the  lens  a 

?;eotle  to  and  fro  or  circular  motion,  and  after  a  little  the  subject  canuot 
ail  to  see  upon  the  field  which  the  light  makes  reddish  yellow  the  dark 
branchitiK  figure  of  the  i^hitdowA  of  tbe  retinal  vt-ssels.  Notice  [hnc  the 
area  directly  fixated,  Is  partially  surrounded,  but  not  crossed  by  the 
vessels.  In  this  lies  the  yellow  gpoc  (macula  lutta)  or  area  of  clearest 
vision  of  the  retina,  not,  however,  to  be  observed  in  this  experiment. 
The  centre  from  which  the  vessels  radiate  lies  In  the  point  of  entrance 
of  the  optic  nerve.  In  this  form  of  the  experiment  the  light  radiates  In 
all  directions  within  the  eye  from  the  illuminated  point  of  the  sclerotic. 
b,  Sutuewbat  the  same  kind  of  an  ituagc  of  tb«  Teasels  Is  to  be  secured 
by  moving  a  caudle  about  near  the  eye,  below  It  and  a  little  to  one  side. 
In  this  extH'riment  some  indication  of  the  region  of  the  yellow  spot 
Is  to  be  seen.  In  this  fonu  of  the  experiment  the  light  enters  by  the 
pupil,  forms  an  Image  on  a  part  of  the  retina  somewhac  remote  from 
the  centre  and  this  retinal  image  Is  the  source  of  light  by  which  the 
vessel  shadows  are  oust.  c.  Look  through  a  pin  hole  In  a  card  directly 
at  the  clear  sky  or  any  other  strongly  lllumloatcd  even  surface  or  at  a 
broad  gas  flame.  Give  the  card  a  rather  rapid  circular  motion  and  the 
finer  retinal  vei*sel«  In  the  region  of  the  yellow  ppot  will  readily  be  seen, 
among  them  also  a  small  colored  or  slightly  tinted  spot  (best  seen 
perhaps  by  gas  light)  reprenentlng  the  maruta^  and  in  Its  centre  a 
shadowy  dot  (representing  the  fovea  or  point  of  clearest  vision)  which 
appeart  to  rotate  when  the  motion  of  the  card  Is  clrcnlar.  If  tiie  card 
la  moved  horizontally  the  vertical  vessels  alone  appear;  If  vertically, 
the  horizontal  vessels.  Notice  also  the  granular  appearance  of  the 
montJa;  the  granulations  have  been  aupposod  to  represent  the  visual 
cones  of  that  reglno.  The  finer  retlual  vessels  can  aJso  be  seen  when 
looking  at  the  vacant  field  of  a  compound  mloroecope,  If  the  eye  Is 
moved  about  rapidly.  In  all  of  these  cases  It  Is  tinpartant  that  the 
shadows  be  kept  moving;  If  they  stand  still,  they  are  loat.    The  expla- 
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DUlon  U  partly  phyilolo^lcal.  Che  i>ortIODa  of  the  nttni  on  whtch  the 
thftdows  rest  soon  guln  In  Mn^Ulveness  eoouKh  to  compeoMte  for  the 
leas  Hght  recelTedf  and  partly  psychological,  moving  objects  In  geoeral 
helue  more  readily  actcuded  to,  and  thofw  whoge  Image*  rest  cootinoasly 
on  the  retlan  without  motion  being  partlculnrly  subject  to  neglect. 
Once  having  become  acquainted  with  the  appearaDce  of  thece  veeMl 
Agnres  it  U  often  possible  to  g«e  traces  of  them  wliboat  any  appaffttns. 
Pirt»  of  them,  with  Humethlog  of  the  projection  of  the  yellow  spot, 
may  fomrtlmes  be  seen  for  an  Intitant  as  dark  figures  on  the  dUIUsely 
lighteil  walls  and  celllitg  ur  ae  light  figures  on  the  dark  field  of  the 
c^sed  eye?  when  the  eyes  are  opened  and  closed  after  a  glanee  at  the 
window  OD  fir<*t  waking  tn  the  morning,  or  in  blue  when  looking  at  the 
anow  and  winking  ou  a  bright  morning,  or  projected  on  the  sky  and 
keeping  lime  with  the  pulfe  aiter  a  rapid  walk  up  hill. 

HcUnbolU.  op.  ril-  O.  193-109   Pr.  314  I1ft«)-331  ^161). 

108.  Retinal  circulation.  Look  steadily  through  two  or  three  thtck- 
oeBses  nf  blue  glass  at  the  clear  sky  or  a  bright  cloud,  and  nbserre  a 
large  number  uf  what  seem  to  be  bright  points  darting  hither  and 
thither  like  bee»  In  a  ftwarm  or  rapidly  blown  snow-flakes.  Carefai 
observation  will  alpo  e.«UibUiih  that  th«  bright  points  are  followed  by 
darker  shadowy  ones.  Pick  out  a  speck  on  the  window  to  serve  as  a 
fixation  point,  look  at  It  steadily  and  observe  that  while  the  movement* 
of  the  pointa  seem  Irregular  the  same  lines  are  retraced  by  them  from 
time  to  time.  When  feverul  of  their  courses  have  been  aircurately 
observed,  ropeat  the  exiwrlnient  for  demonstratiug  the  finer  retinal 
vesfiels  (Ex.  107  c  )  and  notice  that  fine  vessels  lire  found  which  cor- 
respond to  the  courses  which  the  polDt.4  seem  to  follow.  These  flying 
pointR  can  be  seen  without  the  glass  b}*  a  steady  gaze  at  an  evenly 
lighted  bright  surface,  and  some  times  a  rhythmic  acceleration  of 
their  movement  will  be  found,  corresponding  to  the  pulse.  Ilelm- 
holtz  explains  the  phenomenon  as  due  to  the  temporary  clogging 
of  fine  capillary  vessels  by  large  blood  corpuscles,  'fhe  bright  lines 
(the  apparent  tracks  of  bright  points)  are  really  the  relatively  empty 
capillary  tiiben  uhcHd  of  the  corpuAele«^  which,  after  an  lustaut,  are 
driven  onward  by  others  crowding  behind  and  In  turn  give  the  shadow 
that  apparently  follows  the  bright  points. 

Of.  nvlmbr-\fj^op.cit  ().198:  Pr.2ilia37j,U&(42ft),Rood,AmerlcanJ9urnalof8ciBiio«, 
Sd  Itof  in..  XXX.  nm,  asi  2fl5.  3S5  386. 

109.  The  Bllud-»pot.  Hariotte's  extteriment.  The  point  of  entrance 
of  the  nptlc  nerve  i#  unprovided  with  visual  end-organs  and  is  irres- 
ponsive to  light,  a.  This  iuaen<<ltlveQeflS  in  eB<;Uy  demonstrated  with  the 
diagritu)f>  below.  Clope  the  left  eye  and  keeping  the  riRht  fixed  on  the 
asterl'^k  Id  the  upper  diagram  move  it  bac-kward  and  forward  till  a  point 
is  found  where  the  black  oval  dli^upi>ears.    For  the  blind  spot  of  the 


A    LABORATORY   COURSE. 


iSS. 


left  eye  nae  the  secoDd  dlagr&m.  The  bllad  ipot  mmy  be  deinoDitrated 
8lmulUDeoasly  in  both  eyes  by  the  nse  of  a  fif^are  like  th&t  below 
enlarged  a  couple  of  tlmee.  The  experimenter  should  look  at  theaateriak 
while  be  holds  a  sheer  of  p&per  in  the  median  plane  of  hU  head,  to  pre- 
vent each  eye  from  seeLug  the  other's  part  of  the  diagram,    b.  To  draw 


O 


the  projection  of  the  blind-spot,  arranf^e  the  head  support  described 
above,  plaoe  opposite  the  face,  at  a  distance  of  about  Is  Inches,  a  ver- 
tical  sheet  of  white  paper,  and  put  a  dot  oq  It  for  a  fixation  point. 
Fasten  upon  the  end  of  a  Utcht  rod  a  bit  of  black  paper  about.  2  mm. 
aqnare  or  blacken  thf>  end  of  the  rod  with  Ink.  Brinff  tne  face  into  posi- 
tion, close  one  eye,  and  fix  the  other  upon  the  dot.  Move  the  rod  slowly 
BO  as  to  brine  the  little  square  over  the  part  of  the  white  paper  correa- 
pondlng;  to  the  blind  spot,  dotting^  on  the  paper  the  points  where  the 
square  disappears  or  reappears.  Repeat  at  various  points  till  the  out- 
line of  the  projection  of  the  blind  spot  U  complete.  U  the  mapping  ia 
carefully  carried  out,  the  map  will  probably  show  the  points  of  depart- 
ure of  the  large  blood  vessel,  that  enter  with  the  nerve. 

Holmbolrx.  op.  dt.  O.  250-iM,  FT.  3M  (310)~3SO  (314). 

110.  The  yellow  spot,  macu/a  tutea.  The  projection  of  the  yellow 
spot  in  the  visual  field  can  be  made  visible  In  several  ways.  Two  have 
already  been  mentioned  in  Ex.  lf>7;  others  are  a*  follows,  a.  Close  the 
eyes  for  a  few  seconds  and  then  look  with  one  of  them  throueh  a  flat 
sided  bottle  of  chrome  alum  solution  at  a  brightly  lighted  surface  (not 
yellow)  or  the  clear  sky.  In  the  blue  greeu  solution  arose  colored  spot 
will  be  seen  which  corresponds  to  the  yellow  spot,  llie  light  that  come* 
through  the  chnnue  alum  solution  Is  chiefly  a  niiiture  of  redand  ^reen  and 
blue.  The  pigment  of  the  yellow  >tpol  absorbs  a  portiou  of  the  blue  and 
green  and  transinitA  the  rest,  which  makes  a  rose  colored  mixture,  to  the 
visual  organs  behind  It.  f>.  The  region  of  the  yeliuw  spot  may  be  seen 
as  an  area  of  somewhat  deeper  shade  when  the  eye  looks  at  an  evenly 
lighted  surface  like  the  celling,  and  the  illumination  Is  made  intermittent 
by  moving  the  ftprea*!  fingers  to  and  fro  between  the  eye  and  the  celling, 

Cf.  Helmbo'lx,  <»;>.  fit.  Ft  M«  (41fl>-6»l  fUl).  On  a.  ct.  Maxwell.  On  OolorrUioo  at 
dlfffff rt  pAmro  of  Uif>  R<'tln«.,  ttpport  of  thm  British  Amoc,.  IftTO;  or  Vol.  11.  pp.  zaO-SSt 
of  Maxirfirs  Bcl«<DilIlc  Paper*.    CmnbridKe.  IttO. 

111.  Visual  cones  in  the /br^a.  Bergmann^  experiment.  Place  the 
left  band  diagram  1o  a  good  light  and  look  at  it  from  a  distance  of  a 


f'ard  and  a  half  or  two  vanls.    Observe  the  apparent  t>endlng  and  bead- 
Dg  of  the  lines.    This  is  sopposed  to  be  due  to  the  mosaic  arrangement 
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of  the  visual  cones.  The  oooeB  that  are  touched  hj  the  image  of  odc  of 
the  while  lines  are  BClmalaied  In  pruportion  a«  tiiey  are  more  or  Jeai 
coached.  Those  that  are  much  stimulated  fornUh  the  ^cneatlon  of  tiM 
white  line  aud  tea  frrcjculari ties,  those  that  are  lUcle  sUinulated  jofo  with 
those  that  are  not  inacbcd  at  all  to  f^ive  the  tuiaico  of  the  black  line  and 
Us  Irregalarltles.  This  U  ecbeaiatli^Iy  represented  lu  the  right  hand 
out. 

Cr.  nelrabolU.  op.   cit..  Q.  UT-flU,  P^.  SB8   |IlTf-3BI    (tl«).      Bnncmaail.  ZeAM^ria 

113  Acutenesfl  of  vUloii,  minimum  vitihile^  and  siw  of  the  coue«  Id  the 
fopflo.  Place  the  parallel  line  diagram  uaed  In  the  U«C  experioicnt  in  a 
good  light  and  walk  backward  from  It  till  the  line?  can  joet  no  longer 
be  distinguished  as  separate,  if  the  experimenter's  eyea  are  not 
normal  he  should  use  glasses  that  flt  hli  eyes  for  dUtlnct  vUIon  at 
the  distance  required.  Measure  the  distance  between  Che  eye 
and  the  diagram  and  calculate  the  angle  whose  apex  Ue«  ia  tAe 
croR<^mg  point  of  the  lines  of  direction  (about  7  mm.  back  of  the  cornea 
and  Iti  mm.  in  front  of  the  retina)  and  whow  base  Is  the  cUstance  from 
ttii>  middle  of  one  line  of  the  diagram  to  the  middle  of  the  next ;  In  this 
diagram  IJiS  mm.  This  anf^lc  measures  the  least  visible  extent  when 
discrimlnatloa  Is  Involved;  the  least  luminous  extent  that  can  hUI 
impress  the  rcittta  U  fHr  smaller,  as  witness  the  viaibUlty  of  tlie  »tarf. 
On  the  supposition  that  If  the  sensations  of  two  cones*  are  to  be  se- 
parable they  muAt  be  separated  by  iin  unstimulated,  or  at  least  by  a  leu 
stimulated,  cone,  It  has  generally  bt^eui-ouaidered  that  the  cones  could 
not  subtend  a  greater  angle  than  that  found  in  this  experiment,  60'' — 
90",  representing  0.004— 0.00*5  mm.  on  the  retina,  and  this  agrees  well 
with  microscopical  measurements.  But  as  llelmholtz  notices  (Phyt. 
Opt.  2Dd  ed.  p.  idO)  this  experiment  does  no  more  than  prove  that  there 
are  on  the  retina  rows  of  fieni^ltlvc  elements  the  middle  lines  of  which 
are  spparated  by  the  angular  dUtance  found  in  the  exjieriment.  The 
elemtjotft  themselves.  If  properly  arraaged  may  be  ^omewliat  larger. 
Calculation  of  the  number  of  such  elements  in  a  sq.  mm.  of  the  retina, 
based  on  this  view  of  the  experiment  agrees  well  in  the  case  of  Uelm- 
holtz's  own  diMerminatton  with  the  result  ot  microscopical  counting. 
b.  The  dUcrlmluatlTe  power  of  the  retina  falls  off  rapidly  in  all  direc- 
tions from  the  fvcea^  more  rapidly  above  und  below  than  in  a  horizontal 
direction,  Arranf^c  a  head  rest  and  perpendicular  plane  as  In  Ex.  109  b. 
Place  upon  the  end  of  the  rod  ufe<l  in  tlial  experiment  a  card  on  which 
have  been  made  two  black  dot«  2  mm.  in  diameter  and  4  mm.  from 
centre  to  centre.  Move  the  card  horizontally  toward  the  flxntlon  point, 
beginning  beyond  the  point  at  whlt'b  the  two  dots  can  be  distinguished 
and  movlitg  inward  till  they  can  just  be  distinguished.  Mea-iure  the 
distance  from  the  fixation  point  and  repeat  several  times  both  to  the 
right  and  left  of  theHxatlon  point  and  above  and  below,  holding  the 
card  »o  tliat  both  dots  are  in  each  case  equally  distant  from  the  fixation 
point. 

HelmbottK.  op.  eit..  0.  SU-SM.  Pr.  3ffl  (nS)--301  ms). 

113.  Mechanical  stimulation  of  the  retina,  a.  Phosphenes.  Turn 
the  ui>en  or  closed  eye  aa  far  as  possible  toward  the  nose  and  press  on 
the  eye-lid  at  the  outer  corner  with  the  finger  nr  the  tip  of  a  pen  holder. 
On  the  opposite  « hie  of  the  visual  field  will  be  seen  a  more  or  lest 
complete  circle  of  li^bt  !:'urn>unded  by  a  narrow  dark  band,  outside  of 
which  again  Is  a  narrow  bund  of  light.  Notice  the  color  of  the  Itghc 
seen.  &et  the  phospheues  by  pressure  at  other  points  of  the  eye  ball. 
b.  Press  the  eye  moderately  with  some  large  object,  say  the  angle  of 
the  wrist  when  the  hand  is  bent  backward,  and  continue  the  preasure 
for  a  minute  or  two.    Peculiar  pHtpitHting  figures  will  be  observed  and 


gtrsnge  color  effeccs.  The  former  Helmholtz  comparer  tn  llie  tingling 
of  a  member  that  Is  *'  anlecp."  c.  Sunrllaic  before  a  wtndowt  clo8«  the 
eyes  and  turn  them  stiarply  from  side  to  »ido.  As  they  reach  the 
extreme  position  In  either  dlrectiau  observe  Immediutcly  in  froot  of  the 
face  a  sodden  hlae  spot  <?urrounded  by  a  yellow  band.  A  second 
fainter  spot  farther  from  the  ceotre  In  the  direction  of  motion  may  also 
be  neen.  The  yellow  rlDf(  U  due  to  the  stimulation  of  the  portion  of  the 
retina  Id  the  region  of  the  blind  spot  Id  the  eye  that  turns  Inward. 
The  blue  spot  represent  the  blind  spot  In  the  same  eye.  Of.  explanation 
in  the  latter  part  of  Ex.  115. 

HrlmboJti,  op.  rit.  0.33ft2au.  PV.  3«(198>-370  (9B0).  Lb  Coato.  Amarlcan  Journal 
or  Psjcholoto-.  lU.  ISSO-eO,  3M-44«. 

114.  Idlo-rettnal  light,  light  chaos,  tight  dost.  Close  and  cover  the 
eyes  so  as  to  exclude  all  light,  or  i^xperlitteut  In  a  perfectly  dark  room. 
IjBt  the  after  effects  of  objective  light  fade  away  and  then  watch  the 
shifting  light  clouds  of  retinal  light.  The  cause  of  the  retinal  tight  is 
not  altogether  clear,  but  it  Is  supposed  to  be  a  chemical  ai-llon  of  the 
blood  on  the  nervous  portion  of  ttie  visual  apparatus.  Auberl  estimates 
Us  brlghtnessat  about  half  the  hrlgbtnessof  a  sheetof  paper  lllamlnated 
by  the  planet  Venns  when  at  lis  brightest,  h.  When  awake  in  the 
night  time  111  a  room  that  Is  almost  perfeotlv  dark  (e.  g.  In  which  the 
form  of  the  window  and  the  large  pieces  of  furniture  cannot  be  made 
out)  notice  that  the  white  clothfiig  of  the  ann^  can  be  seen  faintly  as 
they  are  moved  about,  but  not  when  they  are  still.  In  the  laitt  case  the 
very  faint  light  ihey  reflei't  is  not  sufHcleut  to  make  them  distinguish- 
able from  clouds  of  Idio-retioal  light. 

Cf.  HelmboUz  :  op.  dt.  O.  «42-3t9.  Fr.  2T4  faoSK-STft  (30S>.  Od  t.  cf.  Hf>lmholtz  Die 
BtAroDfrder  WftbmebmtiiUEkleiiitter  HeUlirlceltiiuuunKhlede,  £elt«chrtrt  ftlr  Purcholo* 
gi«,  I,  fsOD,  M. 

11A.  Electrical  stimulation  of  the  viaual  apparatus.  Moisten 
throughly  with  strong  salt  water  both  the  electrodes  and  the  portions 
of  the  skin  t^  which  they  are  to  be  applied.  I'lnce  one  of  tliu  t-tectrodus 
on  the  forehead  (or  on  the  edge  of  the  table  and  lay  the  forehead  upon 
It),  the  other  on  the  back  of  the  neck;  or.  If  the  current  is  strong 
enough,  hold  It  In  the  hand  or  lay  It  on  the  table  and  put  tlic  hand  upon 
It.  At  each  opening  or  closing  of  the  circuit  a  bright  flash  will  be  seen. 
whether  llie  eyes  are  closed  or  open.  With  the  eyes  closed  and  coverea 
the  efTeets  of  tlie  continuous  current  may  be  observed.  In  this  case  It  Is 
well  to  aiipiv  the  electrode  eilowly  and  carefully  so  as  to  avoid  as  much 
as  poKsiblf  trie  flash  caused  by  ttie  smhleu  closltig  of  the  circuit.  When 
the  positive  electrode  is  on  the  forehead,  the  negative  on  the  back  of 
the  neck  a  transient  pale  violet  light  will  be  seen  distributed  generally 
over  the  field  and  foniiing  a  small  bright  spot  at  Its  centre.  Som»- 
times  traces  of  the  blind  spot  appear.  The  violet  light  soon  fades  and 
on  opening  the  circuit,  there  Is  a  notable  darkening  of  the  fleld  with  a 
momentary  view  oi  the  blind  t^iiotB  as  bright  disks.  Wlien  the  negative 
electrode  is  on  the  forehead,  the  positive  on  the  back  of  the  neck,  the 
phenomena  are  In  general  reversed,  the  darkening  occuring  on  closing 
the  circuit,  the  violet  light  on  o|»enlng  It.  Helmholtz  sums  up  these 
and  otlter  experiments  as  follows:  " Constant  electrical  circulation 
through  the  retina  from  the  cooes  toward  the  ganglion  cells  jrlvea  the 
sensation  of  darkness,  circulation  In  the  contrary  direction  gives  the 
sensation  of  brightness."  (I'hys.  Opt.  2nd  ed. -J'47>.  That  ilie  blind 
spot  Phould  appear  as  a  disk  of  different  color  from  the  rest  of  the  field 
seems  to  be  due  to  the  fact  that  the  sensitive  parta  of  the  retina  Imme- 
diately surrounding  it  are  somewhat  shielded  from  the  electric  current, 
and  as  usual  I  heir  condition  Is  attributed  to  the  blind  spot  also.  The 
experiment  Is  not  entirely  a  pleasant  one,  on  account  of  the  fe«liflf 
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which  the  current  produces  Id  the  head,  the  electrical  taste  lo  the  month 
ukd  Che  reddeclng  of  the  akio  onder  the  electrodes. 

Ot  Belmboltx,  op.  rif .  0.  US  Ml,  Ft.  ZT6  (30l>-an  (SOT). 

116.  After-Imsf^ft,  aoddeotal  or  consecutive  Imues.  After-lma^et 
In  which  the  relatloait  of  light  and  shade  of  the  orirlnal  object  are  pre- 
lenred  are  called  Posdtive  JJUr-imcoeg.  Those  lu  «%ich  theee  relatlonft 
are  reversed  (aa  In  a  photographic  negative)  are  called  Negative  Afters 
imoife*.  PoHtive  after-imagea  arc  of  changlDg  colors,  bat  most  Important 
to  notice  here  are  thoee  of  the  color  of  the  object  (lUc«  colored),  and  of 
the  compk'meucarv  color  (of)f»«(te  colored).  NepatiM  afUr-imaget^  so  far 
as  observed,  are  always  dfposlM  colored.  All  after-Images,  especially  the 
positive,  can  best  be  observed  Id  the  morning  when  the  eyes  are  well 
rested,  a.  Negative  after-images:  look  sceadUy  for  a  minute  at  a 
fixed  point  of  the  window,  then  at  a  white  screen  or  an  cvenlv  lighted 
unflgared  wall ;  the  dark  parts  of  the  window  will  now  appear  Ught  and 
vUevena.  Get  a  lasting  after-image  and  look  at  a  corner  of  the  room 
or  at  a  chair,  or  other  Dtijecc  of  uuevt^n  surface^  notice  how  the  Image 
seems  to  fit  itself  to  the  surface  upon  which  it  rests.  After  a  litue 
pnoUoe  It  Is  also  possible  at  desire  to  see  tbe  image  floating  in  the  air 
uutead  of  lying  on  the  back-gronnd.  h.  Look  steadily  at  a  bright 
colored  object  or  some  bits  of  colored  paper,  tlien  at  the  screen ;  observe 
that  the  colors  of  the  after-images  are  approximately  complementary  to 
the  color«  of  the  objei-ts  producing  them.  Negative  after-images  are 
some  times  very  lasting  ana  for  that  reason  are  those  most  frefjuently 
noticed  in  ordinary  experience ;  they  are  a  phenomenon  of  retinal  fatlfne- 
e.  Positive  after-ima|i^8.  I»ok  for  an  instant  (oao-ihird  of  a  second)  at 
the  window,  then  close  and  cover  the  eyes,  or  look  at  a  dark  surface: 
for  a  very  short  time  an  after-image  like  the  original  object  In  color  and 
distribution  of  light  and  shade  can  be  seen.  The  positive  after-image 
is  of  short  duration  and  Is  not  so  readily  observed  as  the  negative ;  it  ts 
a  phenomenon  of  retinal  Inertia,  of  the  prolongation  of  retlnafexcltation. 
d.  Colored  positive  after-images.  Look  for  an  instant  at  a  gas  flame 
through  a  piece  of  red  glass,  then  close  the  eyes  and  observe  the  red 
Image;  repeat  the  experiment  continuing  the  fixation  of  the  flame  for 
half  li  minute;  the  resulting  after-Imago  will  be  bright  as  before  but  of 
the  complementary  color,  e.  Get  an  utter-Image  ofthe  window  of  not 
too  great  an  Intensity,  and  alternately  project  It  on  a  sheet  of  whlt« 
paper  and  the  dark  field  of  the  cIOHed  and  covered  eyes ;  It  will  be  found 
negative  on  the  white  back-ground  and  positive  on  the  dark.  /.  Got  a 
good  after-image  of  the  window  and  observe  with  closed  and  covered 
eyes  the  play  of  uolors  as  the  image  fades.  Try  several  times  and  ob- 
serve that  the  order  of  sacceeslon  Is  tbe  same. 


Cf.  HeknbolU,  op.  cit,  Fr.  MS  {38d).  471  (S5T}-&00  (890). 
CbolcHste,  Snled  I,  473-47fl. 
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117.  EfTect  of  eye-motions  on  aiter-images.  Get  a  moderately  strong 
after-image  of  the  window ;  look  at  the  wall  and  keep  the  eyes  actively 
In  motion ;  the  Image  will  bo  seen  with  ditUculty  while  the  eye  Is  In  mo- 
tion ;  when  the  eye  Is  brought  to  rest,,  however^  It  will  soon  appear.  In 
general  any  visual  stlmuloa  that  moves  with  the  eye  is  less  effective 
than  one  that  does  not. 

Cf .  Exiu-r,  Du  Vrrecltwiadeo  der  Nochbader  bel  Au^vobeiieeuogeD.  Zettachrlft  tCa 
pBTcholople,  I.  1800,  4T-61. 

118.  The  seat  of  the  after-Image.  An  after-image  due  to  exclusive 
stimulation  of  a  single  eye  may  under  proper  conditions  sometimes 
seem  to  be  seen  with  the  other  unstimulated  eye.  FVom  this  it  has 
been  Inferred  that  the  seat  of  after-images  was  central,  not  peri- 
pheral;   that   Is,    In    the   visual   centres   of   the    brain,    not   In    the 


eye.  The  followlDg  experlrnenu  Bhow.  however,  that  the  after-Im- 
age la  really  seen  with  the  eye  first  stimulated,  Bod  to  render  the 
hypotheslA  of  a  contra!  location  unaecesBary.  a.  Look  steadily  for 
several  secondit  at  a  bit  of  red  paper  oa  a  white  grouad,  using  only  oae 
eye.  say  the  right,  and  ktwping  the  other  closea;  when  a  strong  nfcer- 
image  has  been  secured,  remove  the  paper,  close  the  right  eye,  open  the 
left  and  again  look  steadily  at  the  white  ground;  after  a  UtCle  the  field 
will  darken  and  the  after-image  will  reappear.  If  the  red  does  not 
produce  a  mtifHi-tt^ntlr  laathig  Image,  substitute  for  it  a  gas  flame  or  some 
other  bright  object.  That  we  have  really  to  do,  however,  with  the  eye 
origiDally  stimulated,  (its  present  dark  field  being  superposed  upon  tne 
light  one  of  the  other  eye)  appean  from  the  results  of  b  and  <*,  b,  Qet 
the  afier-image  as  l>efore;  then  optni  both  eyesnod  bring  a  bit  of  card- 
board  before  the  eyes  alternately ;  bringing  it  before  the  left  eye  rather 
brightens  the  image;  bringing  It  before  the  right  dlm»4  or  abolishes  it; 
the  image  is  therefore  chletly  udwored  by  what  affect*  the  right  eye. 
c.  (Jet  the  aft^r-Image  again  and  close  and  cover  both  eye«;  observe  the 
the  colur  of  the  after-image  as  projected  on  the  dark  Hold ;  then  open 
the  left  eye,  letting  the  ligbt  eye  remain  closeil  and  covered;  the  after* 
Image  will  be  seen,  not  in  the  color  U  has  when  the  right  eye  is  open 
and  the  Image  Is  projected  In  the  light  field,  but  In  that  which  It  haa  In 
the  dark  field  of  the  closed  eye. 

Cf.  Dvlabarre,  Oq  the  saat  of  Optioal  Aftar>Inta«i«,  Amarfoan  JouroaJ  of  Vtjebciota, 

119.  After-images  of  motion.  Fa^teu  upon  the  rotation  apparatus  a 
disk  like  that  In  the  first  cut  on  page  475.  Then  look  at  a  page  of  print 
or  into  the  face  of  a  by-standcr  and  notice  the  apparent  shrinking  (if 
the  spiral  has  seemed  to  run  outward)  or  swelling  (if  the  spiral  has 
seemed  to  run  inward).  Illuaions  of  increase  or  decrease  of  distance 
sometimes  accompany  those  of  motion.  These  after-linages  of  motion 
have  been  ex)>lalned  as  due  to  uneonsclouA  persiatlng  movements  of  the 
«yes.  This  is  probably  Incorrect,  for  In  the  present  case  it  would  seem 
necessary  that  the  eyes  should  move  In  all  directions  at  the  same  tlme.i 

Cf .  BeltnhoUx,  op.  cit.  Fr.  TSS  (408^—740  iSOSt.  Bowilitch  an.)  Hall,  rtntlcal  Illuslotu  of 
MoUoD,  journal  of  llijilolofET,  111,397-407.  Mach.  BuwvtfUiiicsempllauuiuiNi,  Lcipslff, 
1ST5,  pp.  00-61,  (see  also  pp.  S1-4U  for  yet  anochar  kind  of  aft«r-imag«>  and  Analyw  dar 
EfflpAoduDfOBL,  Jena,  lUS,  pp.  A&-07. 

130.  Irradiation.  This  tenn  Is  used  to  designate  the  apparent  en- 
largement of  bright  surfaces  at  the  expense  of  aojacent  dark  surfaces. 
It  IS  most  strongly  marked  when  the  bright  surface  U  Intense  and  the 
accommodation  Is  Imperfect,  but  U  not  absent  with  perfect  aceommoda. 
tion.    Even  with  perfect  accommodation^  and  much  more  so  with  Im. 


tect  accommodation,  the  line  of  Juncture  of  u  i>nght  and  dark  surface 
;  really  a  sharp  line  but  a  uarrow  band  of  gray  of  which  more  than 
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wycr— 0— HgimJUnltotWwhUe,  for  re«»oDff  tn  be  brouht 
%WBmt^»mtm$tiaom9m  tht  T^m^m/Mk  Law.  Tbe  rolloifliig 
MB*  «f  A*  eowaa  cmm  «f  ii  i  iroinnii :  a.  Hold  *  nUer  or  ft 
1^  wlggJ  pim  o<  Mack  au4-board  cioM  b«Ture  &  gw  or  cmndle 
F  ao  M  ID  corer  ft  mUm  ctf  It*  and  aotfaa  dut  the  flftnw  »e«au  to 
',  tmo  the  edjct,  aad  if  ihen  ftn  dUfeivwcft  !■  luichtoeH  the  brijcbloit 
I  c«K  in  de^eak     6.  Nocire  tlkat  tJbe  iriitto  sqvarea  In  ttie  duinmin 

•«..r«-,  wbea  btwitln  toto  m  anvoc  Hchfc,  aeeM  larger  than  the  bUck, 

Cb««d^  ttef  MeMU*  tiM  aMM  Id  1m^ 
c  undHtSoo  o<  daric  ttoea.    A  Mack  lae  on  a  white  xurface  (or  a 

vMM  Use  on  ft  black  mfaee)  uajr  aaa«  tfaaea  be  enlarged  by  the 

ovMcr  nan  of  ba  rrftT  Mbm,  beeanae  near  tbaoatar  edge  of  tbe  fr 

b hhtSeaa  (or ^  vUleUMa,  tbe  wUte- 

MM)  rtiiuiMn  Terr  npidlf  aad  «o  aeeou  to 

mka  a  bovadaij.  Loofcat  ibeaccooDpaBTfng 

diacran  tbroon  a  Icoa  that  will  make  accom- 

■adarina  very  imperfect.     Tbe  aajrow  black 

Mllyswni  appear  larfcer  for  the  rea«ooJa«t 

aaadoaed,  while  the  lower  black  area*  wUl 

be  cot  Into  as  In  the  ordinary  i-aM^  of  Irradlft- 

tSoB,  gtving  to    the    vhi(e    »tr1pe    betweeo 

tht  ttmpt  of  a  clob  with  the  handle  opperiDOat. 

HdinboUx  suggests  with  reaMs  that  these 

two    pbenocnefta,    bavUkg     qidte    different 

eavBca,  riMmld  have  diflmat  name?,  and  the 

Mffn  "  IrradlatloD  **  be  cooflned    strictly  to 

aocfa  eolargemeot  of  white  surfaces  as  takes 

place  with  exact  accommodaUoD. 
or.  UctetaolU.  op.  eit..  Q.  »i~4n,  Tr.  «»  (ai)-4n  {vr). 

121.    Reflex  tnovefaent  of  the  eye.    The  ejre  U  a  moring  as  well  ae  a 

Meiufi:  member  aud  its  motor  functions  are  of  great  importance  for 
paycfaology.  Of  the  first  importance  ijt  the  conftiint  redex  tendency  of 
the  eye  to  move  In  pueh  a  way  aa  to  bring  any  bright  ioiage  Iving  on  a 
peripheral  part  of  the  retina,  or  any  to  wbicB  attention  ts  directed.  Into 
tbe  area  of  cleareitt  vision.  Many  evldenc*^  of  thla  tendency  will  be 
foond  in  the  ordinary  coarse  of  vision.  By  way  of  ex|H?riiueut,  try  to 
•tody  attentively  a  wigra  volitnns  or  a  nf^gatlve  after-image  tliat  lit  ja«t 
to  one  ilde  of  the  direct  line  of  AlRht.  The  apparent  motion  of  the  object 
meaanrea  the  energy  of  the  reflex. 

ISS.  Asaovlated  movement-*  of  tlie  eyes.  Tbe  two  eref  form  a  single 
Tlaoal  Instmrnent  and  even  when  nne  eye  Is  cloiied  it  follows  to  a  con- 
•Iderable  degree  the  movements  of  its  open  companion,  a.  Close  one 
eye  and.  resting  tbe  finger-tip  lightly  on  the  lid,  feel  the  mniions  of  the 
eye  as  the  other  looks  from  point  to  point  of  the  vieual  Held.  b.  Get  a 
mf-Docul&r  af ler-Image  a&  lu  Kx.  1 18  and  when  it  has  become  Hpparcotly 
visible  Co  the  otien  e>e,  notice  that  it  sterns  to  accompnny  that  tyc  as  U 
takes  one  flxatlon  point  nft«'r  another  in  tbe  field  of  re^itttl. 

123.  Motions  of  the  eyes  wlien  the  lines  of  sljifhi  are  psrallel,  Don- 
ders's  and  Listing's  laws.  All  motions  of  Che  eye  can  t>e  Interpreted 
as  rotations  of  greater  or  less  extent  about  one  or  more  of  three  axes : 
a  sagittal  axl^,  corresponding  nearly  with  ilie  IIdc  of  ii-ight;  n  frontal 
axU,  extending  horlrx^ntally  fn>m  right  to  left;  and  a  vertical  axU.  All 
these  intersect  in  the  centre  of  rotation  of  the  eye.  Now  It  U  easily 
conceivable  that  for  any  |jonitiou  «f  the  line  of'  siigbt,  '. ;/.  1.^  to  the 
right  and  U)°  upw.ird,  there  woulil  be  an  iDfiaite  number  of  posltloos 
that  the  eye  might  assume  by  rotation  about  tbe  line  of  ^Ight  Itself.  As 
a  matter  of  fact,  however.  It  does  not  aesnme  an  iodetiuite  number  of 
pQslttonF,  but  one  and  only  one,  no  matter  by  what  ronte  the  tine  of 
»Ight  may  huve  come  to  that  point.    This  is  the  taie  of  constant  orf^ahi- 
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tton  or  DoTiden's  laio.  Liatinff'a  lava  goes  further  and  asserts  that  the 
position  la  not  only  fixed,  but  is  sach  as  the  e^e  would  assume  if  the 
line  of  sight  were  moved  from  its  primary  posUioti  (approximately 
ttiat  iu  which  the  eve  looks  etraight  forward  to  the  horlzoa)  to  the 
point  In  question  without  any  rotation  at  all  about  the  tine  of  sight, 
but  about  a  ftxed  aiU  standing  perpendicular  at  the  centre  of  rotation 
to  botii  the  primary  and  the  new  poRltlon  of  the  Hue  of  sight.  The 
advantage  to  vision  of  the  constancy  of  orientation  and  the  exclusion  of 
rotation  about  the  line  of  sight  is  consldcrabk'f  especially  in  determining 
directions  lu  the  fletd  of  refnini.  The  correctness  of  these  laws 
is  easy  to  demonstrate,  a,  Donders's  law.  Cut  In  a  sheet  of 
black  cardboard  two  ellta  an  eighth  of  an  Inch  wide  and  alz  or 
eight  inchM  long,  cro9r.iue  at  right  angles.  Set  the  cardboard  lu  the 
window  or  before  some  otner  brightly  lighted  surface.  Arrange  a  head 
rest  at  some  distance  and  when  the  bead  Is  In  position,  get  a  strong 
afier>imag«  of  the  cross,  fixa.thig  Its  middle  point.  Tlien,  without 
moving  the  head,  turn  tlte  eyes  to  difiereut  parts  of  the  walls  and  cell- 
ing. The  image  will  sufTer  various  dUiortions  from  the  different  sur- 
faces upon  which  It  is  projected,  but  cuch  time  the  eye  returns  to  the 
same  point  the  image  will  lie  oa  before.  If  the  wall  does  not  offer 
figarea  by  which  thU  can  be  shown,  have  an  assistant  mark  the  posliiou 
of  the  image  upon  It.  The  after-luiage  Is  of  course  llxed  un  the 
retina  and  can  move  only  as  the  eye  moves,  b.  Listing's  law. 
Hake  over  the  cross  used  in  a  into  an  eight  niycd  stur  by  cutting  two 
other  narrow  slits  across  its  centre.  Arrange  the  card  before  a  brightly 
lighted  wall  and  parallel  to  it  at  a  height  a  little  less  than  that  of  the 
eyes  when  the  head  is  in  position.  Draw  lines  or  stretch  threads  on 
the  wall  that  shall  appear  to  continue  the  rays  of  the  star  upward  and 
right  and  left,  and  downward  If  convenient.  Fix  the  head  rest  directly 
b^ore  the  star  at  a  didtunee  of  live  or  six  yards  or  more.  Adjust  the 
fa«ad  BO  that  when  the  alter-lmage  of  the  star  is  carried  along  the 
horizontal  or  vertical  line  Ita  corresponding  ray  will  coincide  exactly 
with  the  line.  When  this  condition  Is  fulfilled  for  both  lines  the  eyes 
and  lines  of  sight  are  iti  the  primary  potfitioa.  When  the  primary  posi- 
tion has  been  found,  curry  the  after-image  along  the  lines  prolonging 
the  other  rayn  and  obiif!r>'e  that  as  before  the  after-image  of  the  ray 
coincides  with  Its  line.  Tiiis  would  be  found  true,  for  all  except 
extreme  positions,  of  all  other  rays « and  sliows  that  the  eye  does  not  In 
such  motions  rotate  about  the  line  of  sight,  e.  In  motions  from  other 
or  secondary  positions,  however,  there  1h  such  a  rotation.  Turn  the 
bead  somewhat  to  one  side  or  tip  It  forward  or  backward  from  the 
primary  position,  repeat  b  and  notice  that  the  lines  of  the  after-image 
betray  some  rotation. 

Cf .  HrlmholLi.  t^i.  eit.,  Fr.  101  (4aa)~eiO  UTO).  631  (ITS)  tt.    he  Ooat«.  Slicht.  pi>.  ISi-lTT. 

124.  Actual  movements  of  the  eyes.  Rapid  motloos  of  the  eyes  are 
not  executed  i\ith  me<-h»nical  exactness  according  to  Listing's  law, though 
it  gives  correctly  the  end  pueltion  reached.  The  axis  of  rotation  Is  not 
(juTte  constant  and  the  lines  pa>Bcd  over  by  the  point  of  sight  are  ^ere- 
fore  not  qult<'  strai^^ht.  ThU  U  enny  to  observe  as  follows.  In  a  dark 
room  turn  down  the  gus  till  it  bums  In  a  flame  nut  more  tlian  S  or  10 
mm.  high.  Then  uRing  this  as  a  point  of  departure  In  the  prlnnary 
position  look  suddenly  from  it  to  oilier  points  of  ttxatlon  In  various 
directions  about  It,  and  uotlce  the  sbaue  of  the  lung  positive  ufter- 
tmages  that  result  from  the  motion  of  tne  Image  of  the  flamu,  over  tliu 
retina.    These  will  probably  have  the  pIi  ' -'     t    '"!.  tIjc  left  hand 

flgare  below.    The  newest  part  ut  the  ;»(  i  the  ll-'** 

the  oldest  part  Is  that  next  the  fixation  I'l....:,  ...  ■. ;,...  ^'  * 

pohits  of  toe  after-image  curve  are  now  interpreted  In  the  or 
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appear!  that  the  eye  at  first  moved  rather  rapidly  toward  the  right  but 
rather  alowlj  upward,  while  at  last  It  moved  rather  slowly  toward  the 


rif^ht  and  rapidly  upward.  Plotting  tlie  curve  accordingly  we  get  the 
reverse  curve  HhbwD  in  S  which  showt^  the  true  track  of  the  flxHtloo  point. 
It  la  Baid  that  for  some  eve^  the  after-Im&goa,  though  curved,  do  not 
coloclde  with  those  figured  lu  A, 

Of.  Wnndt.  ntHu-HfFf^  siir  Tlw>oH^  do^  PlnnMwnhra^niQDfr.  L^lptUe.  IMi.  pp.  IM  ff. 
302.    Hvnn&tio'H  Uojidbucb  der  FhrBkiL  Ul,  Th.  1,  U0-4»l. 

125.  Convergent  movementa  of  the  eyee.  When  the  lines  of  Hlgbt 
converge,  the  movement"^  of  the  eye  do  not  follow  Listing's  law.  When 
the  lines  of  sight  couvergc  In  the  primary  position  both  eyes  rotate  oat- 
ward  ;  aft  theTlneft  nf  ei)rhc  Are  elevated,  the  convergence  remaining  the 
aame,  tlie  outwai-d  rotation  lucreases ;  as  they  are  depressed,  the  roift- 
tton  diminishes  and  finally  becomes  zero.  On  a  sheetof  cardboard  drAW 
a  series  of  equl-dlstnnt  parallel  vertical  lines  one  or  two  inches  apart  and 
eight  or  ten  inches  long,  drawing  the  left  half  of  the  group  in  black  Ink, 
the  right  half  lu  red.  Oroas  both  sctft  midway  from  top  to  bottom  by  a 
horizontal  line,  red  in  the  red  set  and  black  In  the  black  pet.  Fasten 
tiie  cardboard  flat  upon  a  vertical  support  and  arrange  the  head  rest  In 
front  of  it.  The  horizontal  line  of  the  diagram  should  be  on  a  level 
with  the  eyes.  a.  Fasten  »  bit  of  wire  vertically  between  the  eyes  and 
the  diagram  In  such  a  way  that  It  can  be  moved  to  and  from  tlie  eyea. 
Bring  the  head  Into  position  and  look  at  the  wire,  but  give  attention  to 
the  diagram.  U  will  be  seen  that  the  red  and  black  lines  are 
not  quite  parallel  and  that  they  are  less  nearly  so  as  the  wire 
la  brought  nearer  the  face.  The  red  lines  (seen  bv  the  left 
eye)  seem  to  incline  a  little  toward  the  right  and  the  olack  lines 
(seen  by  the  right  eye)  toward  the  left-  At  the  wire  comes  near 
and  the  convergence  is  great  t^e  horizontal  lines  will  also  show 
the  rotiitlon.  lliis  apparent  rotation  of  the  lines  Is  not,  as  In  the 
case  of  the  after-images,  a  sign  that  the  corresponding  eye  has 
rotated  in  the  way  that  they  have,  but  chat  It  has  rotated  In  the  opposite 
way.  b.  Ue|>eat  Uils  with  the  head  much  Inclined  forwanl  (the  equiva- 
lent of  elevating  the  eyes)  and  with  It  thrown  far  back  (equivalent  of 
depressing  the  eyes)  taking  care  that  tlm  wire  Is  always  at  the  same 
distance  from  the  eyes.  In  the  first  case  the  apparent  rotation  of  tb 
lines  Is  increased,  and  In  the  second  decreased  to  zero  or  even  iraoa- 
formcd  Into  rotation  In  the  opposite  direction. 


Cr.  HeJmliniU.  op.  eit.  Fr.  fiiig  (UO)— 610  (470). 
Haudbucb  dor  Pliy»lol.  III.  Tti.  I,  490  ff. 
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126.  Involuntary  movements  of  the  evM.  Lay  a  small  scrap  of  red 
pa[>er  on  a  large  piece  of  blue.  Fixate  ?onie  point  on  the  edge  of  the 
red.  After  a  few  seconds  of  steady  fixutioo,  the  color  near  the  Une  of 
separation,  will  be  Keen  to  brighten*,  now  in  the  red  and  now  in  the  blue. 
This  Is  due  to  the  small  unintentional  movements  of  the  eyes. 


I^NDOK,  April  St  ISOa. 
To  THE  Editor. 

It  been  suggested  fo  mc  that  n  Rhort  account  of  the  various  oppor- 
tonUles  which  exbt  in  Loadoa  for  the  aluiy  of  Philosophy  in  ite  difler- 
eot  braaches,  embracing  Psychology.  Logic  and  EthlcR,  would  be  ac- 
ceptable to  your  readers.  I  have  therefore  put  together  a  few  notes 
•bowing  what  is  done  at  the  various  Institutlonfl  In  the  Metropolis 
whk-h  make  the  teaching  of  any  of  the  branches  of  Philosophy  a  system- 
atic part  of  their  work.  The  accnunt  do^s  not  claim  to  bo  exhaustive 
and  may  not  cveu  do  full  justice  to  some  of  the  luBtUutions  named^ 
though  it  seeks  to  do  tills  as  fur  as  published  materials  permit.  The  in- 
formation Is  derived  partly  from  peraoual  knowledge  and  partly  from 
the  calendars  and  printed  syllabuset,  and  It  not  very  complete  ft  may 
be  Interesting  to  Americans  who  arc  devoting  so  much  attention  to 
philoRophii^tl  studies. 

XaturHlly  one  begins  with  the  University  of  London  which  may  be 

fire!>umed  to  be  the  chief  influence  In  directing  the  line  of  study  followed 
n  the  Loudon  CollegeH.  In  Mental  Science  the  influence  of  James  Mill, 
and  later  Grote  and  Bain  as  examinei-ii,  did  much  to  fix  the  schedule  of 
study.  It  may  not  be  unlversall3f  known  to  readers  of  your  Journal  that 
the  Cnlversity  of  London  ii*  an  examtningand  not  a  teaching  University. 
Its  gradaates  come  from  all  kinds  of  colleges  and  they  may  have  been 
prepared  by  private  instruction.  Its  degrees  are  valued  for  their  high 
•taudard  and  tne  severetests,  which  it  Is  admitted,  they  impose.  Fortne 
B.  A.  and  B.  Sc.  putdegress,  a  very  fair  knowledf^e  of  j'sychology,  Logic 
and  EthK>s  was  requisite  until  recently.  Now  It  is  optional  whether 
the  candidate  takes  .Mental  Science  or  MathemHtlcs.  There  Is  a  separate 
cxamlDatiou  for  Honours  in  Mental -Science ;  for  this,  In  addition  to  the 
above  subiects.  special  books  are  set  each  year.  The  M.  A.  degree 
(Branch  111)  to  which  graduates  In  Arts  may  proceed,  provides  however 
the  chief  Mental  Science  examination.  This  Includes  Logic,  Psychology 
and  Kthics,  Political  Economy.  History  of  Philosophy  and  Political 
Philosophy.  For  the  latter  two  divisions,  upecUil  timtks  are  set  each 
year ;  for  the  other  subiects  no  book?  are  prescribed  by  the  Univerrily. 
Science  Graduates  may  proceed  to  a  D.  .Sc.  Hegrec  in  Phllosophv  by  a 
farther  examination  for  which  an  original  thesla  roust  be  protiuced. 
The  University  alec  conducts  an  examination  In  the  Art.  Theory  and 
History  of  Teaching,  for  which  It  confers  a  Teacher*8  Diploma;  this 
exauluailoo  lududeH  a  pai>er  on  Mental  and  Moral  ^>Icace.  llie  pres- 
ent examiners  In  Mental  Science  are  I>r.  James  Sully,  so  well  known  by 
his  writings  on  Psychology,  and  Professor  Knight  of  St.  Andrew's 
University. 

Coming  now  to  the  teaching  Instltntions,  University  College  (Gower 
Street)  deservedly  stands  quite  to  the  front  in  any  estimate  of  phllosopb- 
loal  work.  Its  students  prepare  for  the  UDlveriftv  with  which  the 
college  has  been  closely  associated  from  Us  foundation.    This  Is,  1  be- 
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tteve,  the  only  loatttatloQ  In  the  MetropoIU  In  which  there  Is  any  endow^ 
meni  of  Philosophy. 
Professor  Croom' Robertson,  M.  A.,  tlie  pupil  and  dlacritulnatiaR  diftcl- 

fie  of  BalD,  has  for  more  than  twenty  yuari^  lilted  tliL*  chulr  of  Grot« 
rofesBor^  and  numbers  amona;  hla  8Cud«nt»  many  of  tho^e  who  now 
lectarc  elsewhere,  including  the  present  writer.  Professor  Robertaon 
Is  widely  known  for  bU  phlloaophlcal  erudition,  his  cultured  lectures, 
his  scientific  spirit,  and  his  devotion  to  the  cause  of  phUosophv.  HIa 
are  the  only  lectures  of  note  ou  Phllosopliical  Systeois  ana  History, 
which  are  available  to  the  ^^neral  public  in  the  Metropolis.  Professor 
Robertson  was  also  the  Editor  of  '■'  Mind  "  from  ic»<  inception  in  1B76 
until  last  year  when  hi#  health  unfortuuately  compelled  him  to  discon- 
tinue that  task.  The  method  pursued  by  Professor  Robertson  In  hla 
T..ectureB  will  be  best  understood  from  a  copy  of  his  general  Syllabus 
extracted  from  the  College  Course. 

GENERAL  COXTRSE. 

Pajfchologv  ■ — Thirty  Lectures  in  First  Term,  beginning  October  Idth. 

Loffic : — Thirty  I..ecture8  la  Second  Term,  beglnnTngJanuary  Uth- 

Oeneral  Philoaophy ;  £(A<c*;— Twenty  Lectures  In  Third  Term,  begin- 
ning Hay  2Dd. 

'TDeoourae  Is  primarily  designed  to  meet  the  requirements  of  Elemen- 
tary Students,  and  more  particularly  Candidates  for  the  B.  A.  and  B. 
Sc-  DegrecB  of  the  LTnivcrslty  of  Ijondon.  Tlie  topics  to  be  treated  un- 
der the  head  of  Gt^iEitAi-  Piiii.osm'UYCorrespond  with  some  of  those  In- 
cluded In  the  psychologi*'al  and  logicnl  divUione  of  the  LTniverslly'a 
scheme  of  Mental  and  Moral  Science.  To  make  the  Instruction  as 
thorough  aa  possible,  lectures  are  varied  or  supplemented  by  conversa- 
tion, and  are  followed  up  by  a  regular  series  of  exercises  to  be  written 
at  home. 

Students  who  take  the  Course  with  a  view  to  B.  A.  or  B.  Sc.  Honors 
or  to  the  M.  A.  Degree,  { Branch  III)  or  for  no  purpose  of  examination 
at  all,  have  their  respective  needs  carefully  attended  to  from  the  first, 
their  reading  being  specially  directed,  and  (where  necessary)  more  ad- 
vanced exercises  being  prescribed. 

SPECLiL  COURSES. 
H18TORT  OP  Philosophy. 

Pint  and  Second  Terms. 

Plato  {Theaeittut  Republic)  and  UCMC,  as  prescribed  for  the  M.  A. 
Degree  In  189 J. 

Third  Tferm. 

Plato  ^Phaedo)  and  Aua»  Shith  {Moral  SeiUimentt)^  as  prescribed 
for  B.  A.  and  B.  Sc.  Ilouors  in  1892. 

These  Special  Courses  \vill  be  given  at  times  to  be  arranged  privutcly 
with  the  Students  concerned.  Nam«8  for  the  M.  A.  Course  should  be 
sent  in  to  the  Professor  by  the  lOih  October;  for  the  B.  A.  andB.  So. 
Honors  Course,  by  the  end  of  the  Second  Term. 

The  John  Stvart  Mill  Scholarship  is  open  to  the^  competition  of  Students 
within  two  Sessions  after  completion  of  the  Gieneral  Course. 

The  subject  prescribed  for  the  Mill  Oissertatlou  in  the  Session  1991-92 
is  "The  Dkvki-Opmentof  ENousn  Pmi.osorrrv tili.  Hpme." 

King^a  College^  (Strand),  has  also  been  In  close  relation  with  the  Uni- 
versity from  its  foundation  though  it  now  sends  up  very  few  students 
for  Degrees.  It  Is  a  Church  of  England  College  and  coufers  a  title  of 
Us  own  (A.  N.  C).    There  are  regular  courses  In  Ixtglc  and  Mental 
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Philosophy,  though  PhUo80phy  U  not  now  a  very  prominent  feature  of 
the  ColWe  Course.  The  Rev.  Frederick  Denlaon  Maurice  was  at  one 
time  profe»8or  here.  The  following  is  a  copy  of  the  Syllabua  as  It  ap- 
pears  lu  the  College  Calendar: 

Iconic  AKD  Mental  Philosophy. —  "Lectures  are  given  on  these 
subjects  on  Wednesdays  from  two  to  three  i'.  M.  Each  course  will  run 
through  three  terms,  will  consist  of  about  thirty  lectures,  aud  U  in- 
tended to  give  such  a  general  knowledge  of  the  subject  as  every  edu- 
cated man  may  be  suspected  to  possess.  The  requirements  of  the  B.  A. 
and  B.  Sc.  examinations  of  the  University  of  London  wilt  be  constantly 
kept  In  view."  The  Kev.  A.  Caldecott.  St.  John's  College,  Cambridge, 
is  the  present  professor.  Itiere  is  nn  evening  c]&i^»  on  Moodnyi^  from 
seven  to  eight  i'.  M.  The  College  has  also  a  separate  dcparlraeut  for 
ladles  at  Kensington  where  a  Course  of  Lectures  on  tbe  Ethical  teaching 
of  English  Poets  and  KsBayist^  of  the  Nineteenth  Century  Is  boing  given. 

Bedford  ColU^f  for  I.^l*es,  (Baker  Street,  W..)  Is  an  iustltutlou  for 
the  lilgher  education  of  women.  Founded  In  I84U,  It  has  rczularly  pre- 
pared its  students  for  tlic  ITnlvereity  of  Ivondon  since  1870  wh*^n  the 
Degrees  were  thrown  open  to  wntuen,  and  Ita  curriculum  U  uiaiuty  regu* 
Utid  by  the  requirements  of  the  University.  The  College  is  well  ap- 
polnteu  and  supplied  with  liiboratoriett  and  appanitu^*.  '1  lie  »cootinno- 
dation  is  excellent  and  some  twenty-flve  studentfi  resiiie  on  the  premises. 
A  Training  Uepartmeut  for  Teachers  has  been  recently  formed ;  for  this 
class  as  well  as  to  the  Students  for  Degrees,  Mrs.  Bryant,  D.  SCm 
(I/ondon),  is  delivering  a  course  of  Lectures  on  the  elements  of  P^yohol- 
ogy;  this  will  be  followed  by  a  course  in  Ethics  and  Logic. 

rhere  are  several  valuable  Evening  Colleges  in  lA)ndou  which  provide 
higher  education  for  persons  occupied  during  the  day,  and  which  also 
prepare  for  the  examluHtlous  of  the  University.  Foremost  amongst 
them  Is  the  Birkbfck  Institution^  (Chancery  I^ue),  with  somt;  four 
thousand  students  of  both  sexes,  and  classes  and  lectures  on  all  kinds  of 
subjects  from  Arithmetic  to  Astronomy.  The  writer  has  for  many 
years  lectured  here  on  I-oglc,  pj^ychology,  Kthlcs,  and  Pollilcal  Econ- 
omy, to  numbers  of  students  engaged  during  the  day  as  City  Clerks, 
Teachers,  etc.  Sonic  proceed  to  Degrees  at  the  University,  and  others 
to  Che  Cambridge  Higher,  VVomen's  aud  other  exHminations.  The  prin- 
cipal text  books  are  Jevons.  Mill.  Bain  aud  Veynes,  on  Logic;  ^^ully  and 
Hoffdlug  OQ  Psychology,  and  Sidgwick'«4  Methods  and  History  on  Ethics. 
The  courses  are  arranged  to  cover  all  tlie  London  University  exawlua- 
tlous  in  these  subjects. 

The  Citf  of  London  Cotleptt^  (Moorfields),  la  an  exactly  analogous  Id- 
Rtitullon.  It<)  curriculum  resembles  that  of  the  Blrkbeck,  and  witli  a 
smaller  bodv  of  students  it  carries  on  work  of  Che  same  chamcter. 
Logic,  pBve)io)ogy  and  Ethics  have  a  permanent  place  in  its  Syllabus, 
and  the  description  just  given  may  be  tak-i^n  as  inalcallag  lla  character 
and  alms. 

A  comparatively  new  Instltutinu  Is  the  London  Ethical  SoHety^  (Ksaez 
Street,  Strand),  eAt&bllshed  about  five  years  ago  with  the  object  of  de- 
veloping interests  in  Ethical  and  Social  subjects.  This  Is  done  primarily 
by  free  Sunday  evoniug  Lectures  followed  by  dlacuaalons;  the  currcut 
programme  of  I>eoturers  contiilufi  among  other*  the  nnmes  of  Allausoo 
PIcton.  Kellx  .Adier.  and  D.  (i.  Hltoble.  The  Society  turlher  orgHUtzee 
courses  of  week  night  locturen  on  Ethital  and  Phllo^i*"''"-''  -"idjeels  in 
which  It  aims  at  *"  ci«tahlii^h1ng  more  ify^tematlc  teacl.i  «nl)iM^ 

dealt  with  at  the  Sunday  lectureii."       Mr.  Mulrtiead   •  p  ( 

Mrs.  Bryant  has  recently  completed  a  course  of  Lectujt-B  wu  "  *• 
Life."    Mr.  B.  BosanqueC  Is  now  engaged  on  a  course  ou  **  1 
of  Knowledge/'  and  It  is  proposed  next  winter  to  deal  with  * 
oaophy  of  Art,"  and  •'  History  of  Religion." 
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There  Is  another  Inatltutlon  which  must  be  noticed.  Toynbee  Batl^ 
VolverettlesSetllemeulio  thee&el  oi  I>ondou,Uprobftbty  well  known  to 
Amerlcanii.  There,  for  some  ycftrs,  a  colony  of  UDlverslty  meu  hu 
been  working  Id  nmuy  way»to  elevate  the  tone  of  east  London ;  the  plan 
has  included  leutures*.  readtne  elates,  Htiiilents'  flucietle^f  etc.  Many 
emiDent  men  have  delivered  lecture*  on  Ethical  toplcSf  and  a  Toynbee 
PhlloaophicHl  Society  has  been  fonnded  over  which  variooa  able  Uni- 
vergUy  meu  have  from  time  to  time  presided,  iueludlog  recently  Mr. 
Alexander  of  Lincoln  College,  Oxford,  whoaename  IskDown  as  a  writer 
on  Kthics  and  Psychology.  The  labor  lf>  of  a  voluntary  kind  for  the 
most  part,  and  Its  primary  aim  had  doubtless  much  more  of  a  mlasloo* 
arv  character,  though  it  lias  developed  considerably. 

it  rrmainfl  only  to  speak  of  the  work  of  Dr.  James  Sally  as  a  Lecturer 
on  Psychology  and  Education.  For  many  years  Dr.  Sully  has  lectured 
at  the  College  of  Preceptors  ^Bloomsbnry)  on  the  ^'Science,  Art  and 
History  of  Educntioij."  These  leclores  are  the  most  popular  and  sys- 
tematic lectures  of  tlie  kind  in  the  Metropolis;  they  attract  annually  a 
large  attendance  of  Teachers  In  Secondary  Schools.  Their  aim  as  set 
forth  In  the  the  Syllabue  i»  to  show  ihtu'^' there  are  tieflulto  traths  re- 
lating on  the  one  hand  to  the  characieristics  and  laws  of  growth  of 
the  child,  and  on  the  other  hand  to  the  ends  of  human  life  which 
have  a  direct  bearing  on  the  Teacher's  work." 

Dr.  Sully's  reputation  as  a  Paycbologist  Is  too  great  to  need  mention 
here,  hla  books  have  become  text  liooks  throughout  the  world;  his  ex- 
perieui^  In  the  application  of  Mental  Science  to  ihe  principles  and  prao 
lice  of  Education  )»  erjually  extensive  with  Ills  sck'nttfic  acquirements  la 
the  field  of  Mentiil  Science,  and  thcf^c  leoturcf)  are  a  most  important  fac- 
tor  in  the  diffusion  of  the  principles  of  Psychology   in  the  Metropolis. 

Dr.  SuUv  lectures  also  on  Ppyehology  at  the  Maria  Grey  Training 
C-ollege,  Kltzroy  Street,  the  first  Tralniug  College  for  Women  Teachera 
in  .Secondary  or  "  High  Schools."  Thla  College  wag  founded  In  1878  for 
the  Tniiiiing  in  the  Theory  and  Practice  of  Education  of  women  who 
desire  to  devote  themselves  to  teaching  in  girls'  Secondary  Schools,  and 
who  aim  at  a  University  Certificate  of  professional  skill.  Dr.  Sully 
further  lectures  at  some  of  the  Normal  School*  for  Elementarv  Teachera. 

llie  following  very  condensed  summary  of  a  current  SyMabus  will 
give  some  Idea  of  the  plan  adopted  in  Dr.  Sully's  lectures  on  Education : 

1.  Education  as  a  science  and  an  art — its  place  in  relation  to  human 
activity,  ftoolal  progress,  civiliuitioa. 

2.  The  true  purpose  of  education — difierent  conception  of  the  aim 
or  bearing  upon  perfeutionf  fitness,  happiuess,  knowledge,  and  moral 
character. 

3.  flow  the  educational  end  Is  to  be  realized — by  exciting  normal 
reaction  tn  the  orgauism— by  »elf  activity,  bearing  of  edncatTon  upon 
natural  development. 

4.  Physical  education  as  an  end  and  a^  a  process — ^healthy  develop- 
ment of  powers— games,  gymnasticH,  discipline. 

5.  Education  of  sen^-es— training  of  mind  organs — awakening  of  io- 
tellect,  attention,  ob-jervMtlon,  object  teachlrg,  perception — naming  and 
registering  results  of  observation. 

6.  Transition  from  son^  perception  to  ideation— Image,  tdeas, 
naming  nnd  rcprrxluctinn.  roeraory,  renlizatioa  of  the  unseen— construc- 
tive inuigluatiun,  language  and  description. 

7.  Transition  from  concrete  to  abstract — generalization— process  of 
thought — definition  and  Induction- aids  in  mental  development  from 
analogies;  reasoning. 

8.  Psychological  and  logical  view  of  knowledge — order  of  acquisition 
— empirical  as  introductory  to  scientific  knowledge—topical  coneateoK- 
tlon  of  studies. 


9.    Knowledge  aad  particoUr  knowledge— soleotioa  of  studies  aod 
bearing  opon  deretopmcnc  of  human  faculcv — the;  ideal  cuirrlculom. 

1(1.  EduoatloD  as  coDcorned  with  fi^wlings — calliog  forth  int*reet  by 
education,  cDthuglasm,  aesthetic  culture— formation  of  Caste  Id  literature 
Ud  in  art. 

11.  Education  as  acting  on  will  and  character— value  of  method — de- 
velopment of  tntelllgent  lenae  of  duty— influence  of  cufttom^  law, 
society,  etc. 

12.  Typical  plan  of  edncAUoD  and  Its  concrete  modification— the  ipirlc 
of  the  age— nationality — adjustment  of  education  to  Individual  needs — 
specialization,  etc. 

This  brief  review  of  rhilosopliical  Teachiug  in  Tx>ndon  takes  no  note 
of  Societies  for  discussion  like  the  Aristotelian,  or  of  inetruetlou  which 
Is  more  or  less  for  a  private  character,  or  of  the  University  Extension 
Society,  which,  except  in  the  cognate  branch  of  Potltlcnl  Kconomy,  has 
not  yet  developed  Philosophical  Study,  although  the  lectures  of  the 
Ethical  .Society  have  be^n  brought  into  reiaclon  with  this  Society.  It 
will  he  seen  that  In  a  »cHttere<l  and  disconnected  form  there  Ib  a  con- 
siderable supply  of  instruction  in  some  of  the  branches  of  Phiiotophv, 
under  the  heads  of  Logic,  Psyi-hology,  and  l^thics,  and  to  these  niigfit 
be  added  Political  Economy  did  the  scope  of  the  paper  permit,  but  for 
the  study  of  General  Philosophy  on  a  systematic  plan.  University  Col- 
lege Ifi  praetioally  the  only  centre. 

The  Kubjeet  of  a  Teaching  University  for  London  has  for  several  yeara 
been  agitating  the  public  mind.  A  recent  attempt  to  transform  Univer- 
sity College,  King's  Ollcge,  aud  the  Medical  Collcgi'ti  Into  such  a  Uni- 
versity to  the  eiclusion  of  the  other  teaching  iustitutiuns  has  failed.  A 
Royal  Commission  Is  being  appointed  to  consider  the  whole  subject  and 
to  suggest  some  plan  co-ordinating  under  one  head  the  scattered  agen- 
cies of  a  higher  education  In  tlie  Metropolis.  It  Is  contltiently  hoi>ed 
that  before  long  some  system  will  be  devlaed  by  which  they  will  be 
brought  into  cmser  relation  with  the  existing  University,  or  falling 
that,  ne  organized  under  a  \ew  Teaching  University  which  will  syv 
lematize  their  work,  stimulate  to  the  utmost  their  euergles  and  prevent 
that  wR&Xfi  of  power  which  is  Inevitable  in  the  circumstances  when  a 
number  of  isolated  educational  bodies  follow  their  own  plans  with  no 
common  bond  or  directing  force. 

We  may  hope  that  wiien  this  project  takes  definite  shape,  among  other 
gootl  renults  wilt  be  an  lm{>etu<4  to  phlloKOidiical  study,  and  the  full 
recognition  of  its  bewriug  upon  t^uctitluoand  llf»*.  And  further  we  may 
bope  that  a  Metropolitan  University  would  eslabll.ih  and  properly 
eqaip  a  laboratory  for  experimental  pt^ycholugy  and  n-ifearch.  such  as  Id 
to  be  found  on  the  Continent  and  in  more  than  one  American  college, 
the  absence  of  which  i,>an  not  but  l>e  regarded  as  indicating  a  very  Imper- 
fect appreciation  of  the  value  of  such  pursuits  In  the  greutest  city  la 
the  world. 


I  am, 


Yoors  faithfully. 


G.  ARMITAOE  SMITH. 


COPEKBAOEX,  April  e,  189'i. 
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to  hear  ■omethtnff  about  the  manner  In  which  philosophy  and  psy- 
ohologT  are  studied  In  oar  little  coaDtry.' 

We  hare  the  rule  at  our  university,  that  the  students  la  their 
first  year  go  through  a  philosophical  eourie,  consisting  of   four   houn 

rsr  week  through  two  eeiuesters.  Mycolleague,  Krofeii^or  Krooioa,  and 
conduct  this  course,  so  that  tlie  stuilents  can  cbooae  which  of  us  they 
will  hear.  In  this  course  1  malce  use  of  my  **'  Outlines  of  Psychology, 
of  which  the  greater  part  !s  read  every  year.  I  treat  Psychology  as 
a  fundament  of  Philosophy,  all  three  great  phllo^iophioal  prohlema~ 
the  problem  of  kuowledge,  the  problem  of  being  and  the  ethical  prob- 
lems— being  Intellifible  only  from  the  point  of  view  of  human  con- 
sciousness. Empiricnl  Psychology  U  thus  an  Introduction  to  PhUoft- 
ophy.  In  this  spirit  Is  my  book  conceived.  I  hare  endeavored  to 
give  a  complete  view  of  the  facts  and  forms  of  psychological  life  with 
special  stress  on  the  subjects  which  are  Interesting  from  a  universal 
philotophlcal  point  of  view.  I  have,  so  fsr  as  possible,  eudea- 
Toured  to  make  use  of  all  the  sources  of  psychological  experience 
and  knowledge.  And  I  have  sought  to  exi>ress  my  thoughts  as 
briedy  and  clearly  as  possible.  I  cannot  here  omit  to  say  that  the 
friendly  reception  my  book  has  experienced  In  Kngtand  and  Amerlcs, 
is  In  a  very  great  measure  due  to  the  excellent  English  translation,  for 
which  I  am  Indebted  to  Mlsf>  Miiry  IjOwndes. 

In  the  said  course  I  give  further  the  elements  of  I^glc  (after  the 
method  of  Jevons),  and  souietimea  a  few  chapters  of  Ethics  or  of  the 
hUtorj-  of  Philosophy. 

Other  lessons  are  designed  for  those  students  that  are  i>eculiarly 
Interested  In  Philosophy.  Ilere  I  di«cuss  philosophical  and  psycho- 
logical questions,  often' In  the  form  of  colloqula.  Thus  I  have  treated 
a  series  of  questions  on  which  of  late  I  have  written  several  papers, 
which  in  a  German  translation  have  appeared  In  the  "  VierteljahreS' 
ehri/t  f.  tPi$M.  Philosophft  (vol.  XIH— XV).  Or  1  read  with  my  students 
Bome  philosophical  work  (e.  g.  the  Ethics  of  Aristotle;  Spinoza** 
^''Ethlca;**  Kant's  Krlllk  dcr  relnen  Vernunft,  der  prakliscben 
Vcmunft,  der  Urthellskraft;  the  Logic  of  Stuart  Hill;  Spencer's 
"First  Principles;"  Wundt's  Logic). 

Finally,  1  lecture  on  the  history  of  Phllosophr  or  on  Ethics.  These 
leoturesare  attended  not  only  br  students,  but  aW  by  other  ladles  and 
gentlemen.  The  rooron  of  our  l^nlverfliy  stand  open  for  all  who  think 
they  can  get  any  profit  from  the  lectures. 

In  these  last  years  (after  the  appearance  of  my  '*  Ethics  ")  my  studies 
have  been  coacenlrated  oo  the  hi^^tory  vif  Philonophy. 

My  colleflgue,Prof.  ]vromoa,h»s  astextbook  forhisi^urse  his  **  Logtc 
and  Psychology'"  (of  which  a  German  iranslntlon  has  appeared).  HIa 
other  lecturei4  are  on  the  theory  of  knowledge  <ou  which  he  has  written 
a  work,  which  |r  translated  into  German:  '*  Das  Naturorkennen") 
and  Pedagogics.  Dr.  Wildcnt*  is  lecturing  on  AoRtht'fhics  and  .Sociology, 
Dr.  Starke  ou  Ethics,  Srwlnlogy  und  HUtory  of  Philosophy.  We  have 
at  our  University  a  psychologicul  laboratory,  under  the  direction  of  Dr. 
Lcbmanu,  whose  experimental  ti-eatUes  are  translated  In  Wundt*B 
Stodlen. 

This  win  give  you  a  short  view  of  my  ^*  work  and  surroundings." 

Believe  me,  dear  Sir,  youra  very  truly, 

HAROLD  HOFFDING. 


'For  a  fuller  ri^w  «e*  the  pnp«r  of  mr  Uto  rnimir  friend  JCnwf  Inm^n:  "  Dto  dRnaotui 
Pbiloeopbi**  dej  l<>ir.«n  Jataru4iut« "  (Phil.  HotiaCaheru),  ISftl,  XJCTIL  2W).)  and  my 
paper  fn  the  JirehW  fur  aescbicbt«  der  Pbllotiopbie,  I(. 
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Hy  dear  Professor  Stanley  Hall : 


Bbelik,  April  14,  1999. 


I  feel  rather  flattered  by  your  klud  luquiry  about  my  lectures,  but  find 
It  dilfiuult  to  give  you  an  uppropriatc  aufiwer  la  a  Abort  letter.  Sinee  I 
have  come  to  the  Uulveralty  of  Berlio  (1888),  I  have  lectured  on  sub- 
jects which  have  always  specially  Interested  me.  The  physiology  of 
piotoplum,  comparative  phrstology,  general  physiology,  psycbf^eDeala 
(In  tbo  Victoria  Lyceam),  pnysiology  of  eensattou  (in  the  Uraula),  and 
macrobiotics. 

The  titles  of  my  regular  lectures  In  the  I'ntversitv  as  given  In  the 
catalogue  do  not  convey  an  exact  Idea  of  their  full  contents,  but  I  am 
obligra  to  give  short  titles  like  all  the  others.  This  does  not  In  the  least 

firevont  mo  from  expounding  my  own  views,  for  Instance  on  psychology 
n  my  lectures  on  the  physiology  of  hynnotism,  the  tlr-tt  acadcoilcal 
lectures  on  the  subject  held  In  Germany,  on  the  evolution  of  physiological 
functions  In  gcueral  and  on  psychical  fuaL'tlouB  especially  tn  my  lecturea 
on  'n'oucurreui-y"  ('"die  Lehrc  voin  Kiiiii])fe  uni  da*  Darteiu.") 

Protoplasm  being  the  ba&U  of  life  U  my  greatest  favorite,  aud  I  have 
been  led  to  invescigate  this  wonderful  eompfex  of  changing  substances 
with  increasing  interest,  bnt  the  necessity  of  preparing  new  editious  of 
previous  books  (Mind  of  the  Child,  4th  ed.,)  and  pamphlets  or  papers, 
absorbs  a  good  deal  of  my  time,  or  rather  has  done  so  during  1880-1^1 .  I  am 
working  hard  now  to  get  niy  work  on  the  organic  elements  and  the  geu- 
■ertc  system  of  element  ?  iu  geoerul  r*!ady  for  print.  1  hope  to  see  you  in 
London  August  1,  at  the'Pt^yi'haloghiil  Congress,  aud  at  Edinburgh 
August  3,  at  the  meeting  of  the  Brltitih  As40i.'iatlun.  I  shiill  read  a 
paper  at  Loudon  on  the  origin  of  the  notion  of  numbers,  and  send  some 
abstracts,  which,  although  they  are  not  quite  new,  may  be  unknown  to 
you  and  may  perhaps  Interest  you. 

Yours  sincerely, 

HII.  PREYER. 


MonM{«Hr1«  Pro/.  6.  Stanley  HalU  Edttemrd*  L'AuCRIOAir   J0I7RNAL  or 
PavCHOLOOrf  Clark  Unfvertlty.  * 

Geneve,  Scisse,  14  Avrll,  1892. 
Chrb  Monsieuh, 

Une  cbalre  extraordinaire  de  Pfjfcholoj^  SxpirimrntaU  a  ^t^*  ctiei  Tan 
dernier  dans  la  Faculte  deA  Sciences  de  notre  university  (mals  sana  labo- 
ratolrc).  Ayant  etc  charge  de  celte  en^clgneinent,  J'al  nat-urellement 
Juge  indispensable  de  Ic  completer  i»ar  des  travaux  pnitlijues.  Au 
moyen  de  quelques  Instruments  que  Je  poas&de,  ot  d'une  salle  que  r£tat 
m'a  prCt^  dans  le  batimeut  de  runlvitrfllt«,  j'al  pa,  le  IS  furrier  dernier, 
nuvnranx  tifudlants  uii  laboratoire  trus  modeste,  dont  nous  devons  encore 
nous  contenter  t-ct  6ii*.  Pour  le  semcstre  d'hlver  prochaln,  doob  avona 
la  persi>ective  d'otitenir  uu  local  uileux  auii-nage,  i>om|H>a6  de  cloq 
peCites  chambres  d'une  superflcif-  totale  d'euvlron  100  metrea  csrr6e, 
«&  Je  mettral  les  Instrumcuts  sulvantfl  a  la  dts[>ositton  des  ^tadlanta: 
chronoftcope  de  Hipp  (de  Peyer  et  Fararger  a  XeuchflieO  ;  chroDO- 
mt'tre  de  d'Arsonval  (de  Venlln  a  Paris) ;  pendnle  marquant  les  .01  de 
aecondt  (d'Elbs  ^  Fribourg  i|  h)  :  quelques  Inscrnnionts  d'optlque  et 
d'flcouetlque,  pcrimctre  de  Laiidott,  dUpasonft  d'Appun,  etc;  dlrera 
modMc)!  du  cer^'eltu,  entre  autreg  le  grand  niodt'le  d'Au/oux  (dccrlt  dana 
votf •  journal,  tonio  IV,  p.  132) ;  »»nrtu  quelques-uns  de«  lug<*iiieux  luAtru- 
ments  Imagines  par  M.  MUusterberg  A  Frlbourg  *|  B,  et  que  grace  a  son 
obllgcance  J'at  pu  faire  reprodnlre  par  bod  constructeur  M.  U.  Elbs. 
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(SpbyRinogniph,  Anf^omaaflftppantt  ScballApparat,  Arbwemegangen- 
^parat.)  Qaand  dous  aarooa  atoBl  Instaltft  en  fait  nn  petit  taboratoire 
de  paycholoififi,  TEtat  nn  pourra  manquer  de  le  reconnaitre  offldelle- 
nient,  et  de  nil  acoorder  ud  cr^llt  tinniii>l  pennettant  de  lai  donner  pea 
a  pea  aa  plus  grand  dL'veloppemeiit.  Ed  ce  qui  coDccroe  do'*  travaax, 
noaa  noai  bornoDR  pour  Ic  oioiueot  \  qaelques  reoherchcs  fU'-raeHtalrei 
SOT  lea  temps  de  reaction  etd'aH^ociHl-ioa.  ^urleBtyiwedMinaglnHtion.eto. 

Je  roe  souvicndrui  h  roeeaslon.  cber  MoDsleur,  de  votre  oSVo  almable 
dMueerer  de  nos  travaox  dans  votre  cstlnK-  et  tr^lnti^ressant  Joamalt 
dont  je  8ul»  uu  fldele  abonne,  et  uu  lecteur  rvguUer,  depuU  ea  foudatlon. 

Vciuillez,  je  voos  prie,  recevotr  rexpretiBioD  de  la  consideration  laplas 
distiugu^e 

de  voCr«  blen  d^vooe, 

TnfiODORE  FLOURNOY. 

DORPAT,  U.  IV.  1893. 
Hocbgeehrter  Herr  College  ! 

lu  UeMDtwortung  Ibrer  geehrtea  Zuuhrift  beelle  Ich  rulch,  die 
gewtlDscbtcn  Ausktiofte  Ihnen  zn  Ubermltlela.  1.  Die  ICIlnIk  ftir  >fer> 
ven-  und  Gelateakranfce  verfUgt  fiber  80  Betten.  2.  £b  exlgtirt  eln  Cabi- 
net a)  (tir  inlkroekopiscbe,  b)  lUr  psyehophyslsohe  Unterfiuchuajcen* 
3)  Ich  lese  kUnUche  Pfiychlatrle,  4  Stunden  In  der  Woche,  und  PollkllnUc 
der  NerVGti- uud  GcUteflkrHiikh(>iteuebeurallg4  Standon.  DerBesuch  der 
Vorlesangen  in  fUr  die  StudirendeD  nk-bt  obMgalori»ch;  auch  findet 
keln  Examen  statt.  4.  Ini  laufenden  Jahre  babe  k-h  elne  Arbeit,  betltell 
**  Criminalanthropologle  "  (rtiasUch)  veroffentllchr.  Dr.  Dara»zkle5*-ict, 
Aaslsteut  der  Klliiik,  ertasste  elne  Sludle^  ^'Ueber  Hebephrenia** 
(Inauguraldissertatlon). 

Hochachtnng^voll, 

WLADIMIR  V.  TSCHISCH. 

On  the  QwHton  of  Psifchophifsiology.,  Cotiaciousntts  and  HffpnotUm.  In 
Mind,  1891,  XVI.  No.  «3.  E.  W.  Scripture  writes,  '^le  [materUUsdcl 
theory  UA<%erts  that  certain  of  these  nervous  phenomena  produce  states  of 
conttciousiiess  or  rnentaj  phenomena  aud  others  do  not."  UaterlalUm  la  an 
obscure  terui.  To  be  sure,  such  an  assertion  and  a  moatsm  understood 
in  tbis  sea.«c  would  he  nonsensical.  Beaearcbes  in  bypnotlsni,  however^ 
have  strikingly  proved  that  m  far  as  Us  reminiscent  content  is  concerned 
oar  consciousness  (subjectivism)  depends  directly  on  the  phenomena  of 
Inhibition  or  on  the  abscDCc  of  aueb  phenomena.  Normal  dreamlife, 
natural  imd  artillclal  somnambulism,  all  prove  that  our  cerebral  activity 
can  divide  itf>elf  Into  several  varieties  or  kinds  which  may  be  or  may  not 
be  separate<i  from  their  objeotive  dyntiml^nis  aod  wiilch  appear  sub- 
iectlvely  as  completely  iiideiwndeut  of  "each  other.  The  most  famUlar 
form  of  cerebral  activity  appf^ars  to  ii«  in  the  shape  of  our  chief  con- 
sciousness in  the  waking  condition.  This  chief  conscious ocsa,  however, 
we  can,  by  liypnotic  suggestion,  Insert  or  out  out  at  pleafturc.  TTie  ner- 
vous processes  which  at  each  moment  appear  as  *•  unconscious''  are  really 
not  such,  but  are  only  cut  out  from  the  momentary  chsln  of  phenomena 
of  llie  chief  coujiciousneas,  whetlier  it  t>e  that  tliey  become  obliterated 
for  a  time,  or  that  atudden  luliibltlon  hinden*  them  from  taking  part  In 
an  association  with  that  chain  of  phenomena,  or  that,  as  Is  often  the 
case,  they  take  place  In  another  part  of  the  central  nervous  system  of 
which  the  Bubjeetlvism  is  mediately  and  loosely  connected  with  our 
cerebral  consciousness  (just  as  its  cell-flber  system  Is  mediately  and 
loosely  connected  with  the  cen-bral  systems),  or  finally  that  the  process 
is  so  short  and  so  weak  that  even  iu  occurring  it  is,  so  tu  ^peak,  for- 
gotten. According  to  this  view,  which  agrees  essentially  with  Janet's 
and  DesBOir's '*  multiple  consciousness, "' we  do  not  need  to  assume  a 
nervous  process  that  goes  on  without  consciousness.    On  the  oontivj 
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we  can  and  must  suppose  that  ia  all  probability  consetousDess  Is  not 
only  to  be  Attributed  to  v&rloua  parrit  of  the  Dervoua  ayatem,  but  oxtata 
aUo  outride  of  the  nervouA  Bystem  )u  tbe  aatural  world  ait  the  Mtnple 
primitive  form  of  subjeotiviftm.  I*hysiologfc&l  psychology  haft  coase- 
fluently  to  *tiidy  the  eorrcjipondence  between  tno  phermmeim  of  our 
chief  0OD«elouHnet4»  fthat  is,  of  the  field  of  psyobotozy)  wltli  that  part 
of  the  cerebral  activity  to  which  they  correspond  and  therefrom  to  de< 
duce  the  laws  for  other  similar  correspondence.  It  tha-i  has  to  attempt 
to  reduce  the  psycholo^icAl  phenomena  to  Cbe  laws  of  the  phy^loloey  of 
the  nervous  system.  I'hof.  A.  FOlfEL. 

Hi/pnot(9m  in  the  Atylun.  In  my  work  on  hypnotism  I  have  mentioned 
that  I  used  suggestion  in  the  noisy  divisions  of  the  BurgholzU  Asylum 
for  the  purpose  of  makiug  the  attendant!*  int^ensitive  during  their  sleep 
for  the  dreadful  racket  of  the  patients;  thus  they  can  sleep  quietly  and 
restfuliy  and  yet  wake  up  upon  the  occurence  of  any  unusual  dis- 
turbance among  the  putlenis.  Up  to  the  present  the  chief  uoiie  was  on 
the  women''s  side  and  this  action  was  not  necessary  on  the  men's  side. 
I.ASt  summer,  however,  two  new  attendants  cooiplalneil  of  the  great 
noise  of  the  restless  male  patients  and  asked  me  for  help-  It  was  suf- 
ficient for  me  to  hypnotise  them  with  the  appropriate  suggestions  last 
June.  Since  that  time  they  bare  not  heard  the  noise  during  the  night 
ADd  hare  always  slept  well,  although  the  noise  has  continued  to  be  very 
gnu.  i'KOr.  A.  KOHEL. 

0>  C.  White  of  Worcester  baa  patented  a  ball-joint  tliat  is  exactly  what 

psychologists  and  niiyaiologtsts  have 
so  long  sought.  One  of  the  forms 
Is  shown  In  dgure  1,  where  the  joint  ia 
tixod  at  the  end  of  a  rod.  'I'he  ffiftteuiug 
of  the  jaiot  takes  place  with  ubESolutely 
no  variation  of  the  adjustment.  'Xli« 
manner  in  whicli  the  parts  clamp  to> 
gether  Is  peculiar,  being  everywhere  a 
wedge-action.  The  curvature  of  the  In- 
etdc  of  the  socket  is  that  of  a  sphere 
smaller  than  the  ball  which  it  encloaet; 
likewise  the  hole  through  which  the 
siide.rod  is  placed  Is  of  Hinmller  radius 
than  the  rwl.  Consequently  the  parts 
do  not  touch  over  their  whole  surfaces, 
which  would  render  (inn  fHst«uing  diffi- 
cult, and  after  a  little  wear,  impossible. 
As  a  result  a  slight  pressure  on  the  lever 
serves  to  cause  a  gooil  fastening  and  with 
full  pressure  a  'ik  Inch  bull  will  support 
76  |>oundft  on  the  rod  at  a  foot  from  the 
center  wlttioat  the  slightest  sliding. 


U^ 


The  clamp  sbown  in  figure  3,  Is  also  a  nntversal 
Joint,  but  the  movement  is  obtained  on  a  different 
principle.  It  Is  arranged  to  slide  on  the  rod  of  a 
stand  in  the  u^ual  way  but  It  contains  two  discs  r»- 
volving  in  a  vertical  ptaue,  these  bavinic  a  cylindrical 
opening  for  the  rod  to  be  held.  This  gives  the  up 
and  down  motion,  a  complete  circular  movement  In 
any  vertical  plane  and,  by  pushing  the  rod  through  to 
the  desired  extent,  the  ramus  of  the  circle  can  ne  of 
any  length. 
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According  to  the  Tale  ciroul&r  of  f^raduKte  InntmctloD,  early  In  next 
year  laboratory  work  in  exiM'ripifoUl  and  physioloj^loal  psychology, 
aoder  a  epedal  and  competeat  laetructor,  will  be  opened  to  p^uloate 
Btudenu^ — comprisiDg  the  following  two  courses : 

J.    Bxperimental  and  Phv»toloff(cal  PttfcholoffH'    3  hrs.  both  terms. 

This  course  will  provide  for  a  study  (Ulastrated  by  charts,  modeU, 
histological  preparations,  and  a  certain  amonnC  of  laboratorr  work)  of 
the  homan  nervous  rocchanUoi,  aud  of  Che  prlnclpa)  relations  which 
exist  between  changes  in  this  mechanism  and  the  activities  of  the  mind. 
The  t€xt-b<X)k  Is  I^add's  "  £lemeut8  of  Physiological  Pfychology/* 

2.     Special  Problevut  in  Pt]fckoloffp. 

Under  the  gnidnnce,  and  with  the  a^eistaooe,  of  the  lostruvtor,  par- 
ticular problf^QiB  \a  experlmentui  aud  physiological  psychology  may  be 
worketl  out  in  the  laboratory.  Such  work  will  be  pennittea  to  count 
for  the  du^ree  of  Doctor  of  l^hilo^Kiphy,  accordloe  to  its  excellence  and 
the  amount  of  well-spent  time  devoted  to  it.  It  is  expected  al&o  that, 
in  certain  cases,  theses  for  this  degree  may  be  prepared  as  giving  the 
results  of  such  work. 

The  psychological  Instmctton  at  Harvard  next  year  will  consist  of 
three  conrses.  The  elementary  course  will  be  conducted  by  Prof. 
Knyc«*  ou  the  foundation  of  .Tames'si  Briefer  Coarse;  it  will  extend  over 
one-third  of  the  year  with  three  hoars  a  week.  'ITie  advanced  course 
will  be  couducted  by  Dr.  Nichols.  u»lug  Ladd's  Outlines  aud  James*s 
I'rlnciples  nnd  including  a  thorough  course  of  laboratory  exercises;  H 
will  ot^cupy  three  hours  a  week  througlioru  the  year.  Ilie  graduate 
course  will  be  in  the  hands  of  Prof.  MUnflterberg,  formerly  of  tlie 
University  of  Freiburg,  who  Is  now  Director  of  the  Paycliologlcal 
Laboratory;  he  will  have  general  control  of  the  experimental  work. 

The  Susan  LIdd  Sage  School  of  philosophy,  at  Cornell,  was  founded 
In  September,  181>1,  with  the  addltiuu  of  $200,000  to  the  previous  endow- 
ment for  a  profeRsonihlp.  The  leading  idea  seems  to  be  the  employ- 
ment of  rtpci'Ifllij^ts  in  eiu'h  line  of  jihlloRophy.  One  Instructor  devotes 
all  his  time  to  the  history  of  ancient  philosophy,  and  tw^o  others  attend 
strlctlv  to  the  history  of  modern  philosophy  along  with  systematic 
nielaphyflcH.  There  is  a  profeasor  of  the  hiVtory  and  philosophy  of 
religion  and  another  of  pedagogy.  Another  professor  gives  most  of  his 
time  to  ethics ;  there  is  aUo  a  special  Instructor  of  logic.  The  Phflo- 
Buphical  Hrvicifi  edited  by  Prof.  Schurman  Is  the  organ  oi  the  school.  A 
depsrtmcnt  of  psychology  has  also  been  opened.  The  laboratory  will 
contain  equipment  of  appanttus  most  of  which  was  made  at  i<elpzlg 
under  the  personal  sa|>crvision  of  the  professor,  Dr.  Angell. 

The  following  list  of  lectures  and  exercises  In  the  German  universities 
last  winter  Is  intended  to  include  not  only  the  strictly  experimental 
work  but  also  those  courses  in  pathology  that  have  a  distinctly  psy- 
chological bearing. 

Leipzig :  WrNi»T,  (with  (he  assistance  of  Dr.  KUlpe),  Special  investi- 
gations and  exercises  in  the  psycholo^cal  laboratory.  KfrLPK,  Lectures 
on  psychology,  Introductory  course  in  the  psychological  laboratory. 
Gl6ckn£R,  Pedagogical  psychology.  Flechsig,  Psychiatrical  cUnIo, 
Forensic  psychiatry.  Berlin:  Dilthkt,  On  the  application  of  psy- 
chology to  pfHiagogleul  <]uestloQs,  lectures  on  psychology.  Lazarcs, 
Lectures  on  pt^yiliolugy.  EBBiNonAt'S,  lectures  on  pttychologj*  with 
reference  to  experimental  and  physiological  psychology.  Exercises  In 
experimental  psychology.    JoLi.y,  Pathology  and  therapeutics  of  men- 


tel  dlHuee,  Clinic.  Bonn  ;  Hartics,  Elemencs  of  psychology,  Psy- 
chologlca]  exercises.  Pelman,  MeoUi  disturbaDces  that  border  on  In- 
sanity, Clinic.  Kocn.^,  On  hypnotism,  9leep  and  lite  narcotic  condition. 
Ooeuingen:  G.  E.  MOllek,  Lectures  on  pBycholoffy,  ExperlmentJil 
psychological  investtgatlons.  Meyeu,  Psychiatrical  clinic.  Btidelbtrg  : 
KRAEPELiN,  Physiological  psychology,  Psychiatrical  clinic. 

The  huititMt  F»yrri4>-PhjfSwlogi'jit«  ile  Pari^  was  founded  In  IBOl  for  the 
theoretiriil  und  pracflcal  Htudy  of  the  pRyehologlcal  nnd  therapeutical 
applications  of  h^pnotlBm.  A  free  cllnlo  for  nervous  <]Uea.seii  U  an- 
nexed to  the  inHiitute  wliere  physicians  nnd  sludenLs  of  medicine  regu- 
larly inscribed  are  admiited  for  practice  in  psychotherapy.  A  private 
hospital  adjoiuing  the  clinic  receires  morphlomanlAGS  and'those  requlr- 
ing  constant  attention. 

The  Societe  <r  hypnologie  of  ParlB  has  monttdy  meetlnga,  at  which  pa- 
pers on  hypnotism  are  read  and  clinical  cases  presented.  Dr.  Dumont- 
palHer  ia  president  and  Dr.  Berlllonls  general  secretary. 

The  Second  Sesj^ion  of  the  International  Congress  of  Experimental 
Psychology  will  be  held  In  London,  od  Tuesday,  AnguU  2d,  1892,  and 
the  three  following  days.' 

Arrangements  have  already  been  made  by  which  the  main  branches  of 
contcmpi'rary  paycholofclcal  research  will  be  represented.  In  addition 
to  the  chief  lines  of  iuvcriclgation  cotnpriaUi^  tliu  general  experimental 
study  of  psychlcAl  phpnomona  in  tlic  nnrinal  huninn  mind,  it  is  intended 
to  bring  Into  prominence  »\n:h  kindred  departments  of  research  as  the 
neurological  consideration  of  the  cerebral  conditions  of  mental  pro- 
cesses: the  study  of  the  lower  forms  of  mind  In  the  Infant,  In  the  lower 
nu>e»  of  mankind,  and  In  animals,  together  with  the  connected  luws  of 
heredity;  also  the  patbologv  of  mind  and  criminology.  (^rCaln  aspects 
of  recent  hypnotic  researuh  wlli  al^o  be  discussed,  and  reports  will  be 
given  of  the  resuttn  of  the  census  of  hallucinations  which  It  was  de- 
cided to  curry  out  at  the  first  session  of  the  Congress  (Paris,  1880). 

On  Feb.  12th  died  Hermann  Aubert;  bom  November,  IS20,  at  Frank- 
fort a.  0.,  he  studied  i-hlcfiy  in  Berlin,  taking  his  degree  in  ISAQ.  Ap- 
pointed Professor  nf  Physiology  :it  Rostock  In  186fl,  he  devoted  himself 
mainly  to  physiological  optics.  After  a  smaller  work,  the  PhyttologU 
tfer  MftihatU  (ISBu),  he  published  hiit  famous  *^  Phj/niotogUche  Optik'* 
(1870).  Uis  last  experimental  Investigations  referred  to  the  limits  of 
accuracy  of  ophthalmometrlc  measurements. 

The  publication  of  an  encyclopedia  of  medical  proprcileutlcs  Is  about 
Co  be  l)egnn  under  the  illre<rtionof  Prof.  Gad  In  Berlin.  Extensive  space 
is  to  be  given  to  phy[«lologlcal  psycholojfy  and  the  neighboring  subjects. 
Th«p«yrboIngy  of  the  #enAes,  excluding  sight.  Is  to  he  treated  by  Oold- 
tchefder.  phvHloloKlcal  optics  by  CI.  Dilbols-Keymond,  cerebral  physio- 
logy by  Zleben  and  general  psychology  by  Mllnsterberg. 

At  the  University  of  Rusel  died  the  eighty  year  old  Prof.  I. 
Hoppe,  formerly  pr.ictlcing  physician,  but  for  many  years  busied  with 
psychological  f)pcculation.  Ht>  ha*  bequeiahcd  half  a  million  marks 
to  the  university,  with  the  condition  thut  a  commlB^lou  shall  he 
appointed  which  fihall  In  Hoppc's  house  mcilitat*  uulmcrrui'tfillv  on  the 
nature  of  the  soul,  and  shall  lu  publishing  their  results  rcfralu  from  the 
use  of  all  foreign  words. 

The  laboratory  of  experimental  psychology  of  Colambln  Cr.t'«|™«  t-  «•. 
lablUbed  la  four  rooms,  occupying  *ihe  upper  floor  of  th>'  ■ 

lioaic.    These  include  rooms  for  iuairuciiun  and  research,  ;  rfe 

room  for  the  study  of  vision.  A  collection  of  apparatus  tmsb«-«m  M'cur*^' 
at  A  cost  ol  about  $:i,dOU.  and  this  will  be  further  Increased  during  t 
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present  year.  The  liberal  ref^ul&tlon  recently  ftdopted  by  the  CmatMft 
maken  It  pos!«ible  for  men  of  science  not  connected  with  the  college  to 
use  the  laboratory  and  apparatus  for  HpeclaJ  research. 

AecordlDfc  to  ftatUtlcal  material  gathered  by  Vollcelt,  the  lecturetf  on 
psychologv  have  Increased  moAt  of  all  In  the  universities  of  Ocroua 
tongue.  During  the  year  1887-88,  the  lectures  were  distributed  as  tot- 
lows:  Paycholoj^y  07,  logic  04.  metaphysic  3$,  ethics  41,  history  of 
philosophy  104;  whereas  In  the  yearlS90-91,  there  were:  Psychology 
78,  logic  64,  meuphyslc  27,  ethics  51,  history  of  philosophy  138. 

A  free  court^e  of  lectures  on  the  clinical  and  medico-legal  appUcatloni 
of  hypnotism  Is  given  by  Dr.  Berlllon  in  the  Practtce  School  of  the 
Faculty  of  Medicine  at  Paris. 

Dr.  Max  Bessoir,  well  known  for  his  writings  on  hypnotic  subjects, 
has  been  appointed  Docenc  of  Philosophy  at  the  University  of  Bierlln. 
He  win  lecture  chiefly  on  psychology  and  xstbetlcs. 

ProfesBor  Flnurnoy  ha»  been  appoltited  to  the  newly  founded  chair  for 
physiological  pi«3'cl)oiogy  at  the  t  tiiversity  of  Geneva.  A  laboratory  is 
about  to  M  begun  on  the  plan  of  that  at  Freiburg. 

The  psychiatrist  and  psychophyslcist.  Prof.  KrSpelln,  who  was  re- 
cently called  from  Dorpat  to  the  medical  faculty  of  Heidelberg,  has  be- 
gun a  lalKiratory  for  experiment:il  psychology.  Psychologic  lectures 
will  be  given  In  addltlou  to  the  pKychlatrical  ones.  The  University  of 
Dorpat  will  continue  the  courses  in  psychology  under  the  dlrectlou  of 
Krftpellu*s  succesMjr,  Woldemar  von  Tachlsch,  the  Petersburg  psychia- 
trist.   Both  KrtL}>elin  and  Tschlsch  arc  former  pupils  of  Wundc. 

The  third  Congress  of  Criminal  Anthropology  will  beheld  at  Brussels 
from  the  2«th  of  August  to  the  3d  of  September  of  this  year.  The  ex- 
tensive prognuii  includes  nineteen  groups  of  subjects  to  be  considered. 
Communications  arc  to  be  addressed  to  M.  C.  Dr.  Senml,  pr6sldent, 
I'Aslle  de  Mons,  Belglquc. 

A  grant  of  £'2^iQ  han  been  made  to  the  Physiological  Jjtboratory  of  the 
University  of  Cambridge,  EuRlaud,  for  the  purpose  of  establishing  a 
psychological  department.  This  is  the  only  opportunity  for  psychologi- 
cal Instruction  in  the  laboratory  In  England. 

A  laboratory  has  been  established  in  the  University  of  Toronto.  Its 
fittings  have  cost  about  9450.  An  aupropriatlon  of  ^00  lias  been  made 
for  apparatus,  and  $.300  a  year  have  been  allowed  as  for  maintaining  U. 
Prof.  Baldwin  has  gone  to  Europe  largely  In  the  Interests  of  equipment. 

Prof.  Frank  Angell  of  Cornell  has  accepted  the  chair  of  psychology  at 
I  the  Stanford  University. 

Dr.  Edward  Pace,  a  pupil  of  Wundt,  who  took  his  degree  at  Ltip^ 
with  a  dissertation  entitled  "^^  Das  RelatlviiAtsprlncip  in  Herbert  Spmn 
cer>  psych ologlscher  Entwlcklungslehre."  has  taken  the  chair  of  psy- 
chology In  the  Catholic  University  at  Washington  and  has  started  a  lab- 
oratory. 

Edmund  Delubarre.  Ph.  D.,  (Freiburg),  has  just  goue  to  Brown  Unl- 
versity  after  taking  his  degree  with  an  expeHmentarinvesttgatlon  made 
in  H tins ter berg's  laboratory.     A  laboratory  will  be  started. 

Dr.  Charles  Strong  will  lecture  next  fall  at  the  University  of  Chicago, 

American  workers  are  to  iw  again  warned  against  Importing  apparatus 
which  is  wholly  or  partly  made  of  wood.  In  a  few  months  the  Amerl* 
can  climate  waVpa  the  wood  and  fonsequently  render^  the  apparatus,  in 
mostcases.  almost  usele«;s.  Thi<(  fact,  long  since  known  to  plauoniealera, 
is  sometimes  lost  sight  of  in  the  laboratories  or  is  not  learned  till  after 
expensive  experience. 
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THE  EXTENT  OF  THE  VISUAL  AKEA  OF  THE  COR- 
TEX IN  MAN,  AS  DEDUCED  FROM  THE  STUDY 
OF  LAURA  BRIDGMAN'B  BRAIN. 


Henrt  H.  Donau>»on,  Pii.  D., 
AsBUtflDt  Frofe«eor  of  N'earologj  in  Clark  UotversUy,  Worcester,  Mui. 


Some  pe<*uliaritie8  of  the  cerebral  cortex,  in  the  case  of 
Laura  Bridgman,  have  already  been  described  in  this  Jous- 

nalC*^)- 

It  was  there  pointed  out  that  the  three  localities  examined 
within  the  occipital  lobe  haul  the  cortex  thinner  in  the  right 
hemisphere.  The  optic  nerve  and  tract  belonging  to  the  left 
eye  were  the  thinner,  and  in  the  right  cuneus,  the  gyri  were 
irregular.  These  facts  all  iK)inte<l  to  a  greater  disturbance 
affecting  the  right  occipital  lobe.  Since  in  the  left  eye  visioa 
wa«  completely  lo&t  at  the  age  of  two  years,  while  it  persisted 
up  to  the  eighth  year  in  the  right,  the  thinness  of  the  cortex 
on  the  right  side  was  explained  by  the  curlier  loss  of  vision 
in  the  left  eye,  a  lesion  which  was  assumed  to  have  arrested 
its  development.  Since  the  completion  of  the  pajwrs  men- 
tioned above,  a  further  consideration  of  the  case  snggesteil 
that  this  brain  might  be  used  to  determine  the  extent  of  the 
visual  area  in  man.  In  following  out  this  suggestion  it  has 
been  assumed:  (1)  That  the  ibinnlng  of  the  cortex  was 
due  to  an  arrest  of  development;  (2)  that  this  thinning 
would  extend  over  the  entire  visual  area;  (3)  that,  in  the 
regions  compared,  the  disturbance  in  vision  whs  the  principal 
inflaence  acting  to  arrest  QDe<]nn1ly  the  growth  of  the  cortex ; 
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(4)  that  the  oort«x  would  l)e  most  thinned  upon  the  side  of 
the  hraiu  oppOHit^  to  the  eye  and  nerve  most  affected;  (5) 
that  the  visual  area  in  the  normal  brain  gradually  merges 
into  the  surrounding  areas,  and  that  hence  tlie  cortex  on  the 
outer  limits  of  this  area  would,  in  this  case,  be  but  slightly 
different  on  the  two  sides. 

The  observations  on  which  my  conclusions  are  based  were 
made  in  the  following  mauuer : 

On  a  model  of  the  brain,  a  boundary  line  was  marked  ofi 
as  follows:  Bej^inning  at  the  mantle-edge  on  the  dorsal  sur- 
face the  boundary  passed  laterad  from  the  mesa!  ead  of  the 
sulcus  lying  next  caudad  to  the  sui>erior  retrocenti-al  suIcuh, 
to  the  dorsal  end  of  the  o^scending  ramus  of  the  first  t^'mporal 
sulcus,  following  this  venti-ad  to  its  junction  with  the  first 
temporal  sulcus,  and  thence  t^ok  the  shortest  path  over  the 
lateral  and  ventral  surfaces,  to  the  most  cephalic  end  of  the 
calcarine  fissure,  and  there  passed  dorsad  to  join 
the  mantle-edge  at  the  point  of  departure.  There  was  thus 
cut  oH  a  pyramidal  portion  of  the  hemisphere,  with  the  plane 
of  its  base  determined  by  this  boundary,  and  having  the 
occipital  pole  for  its  apex. 

For  the  purpose  of  comparison,  this  surface  was  first 
divided  into  six  areas,  aud  ultimately,  by  subdivision,  into 
ten  areas.     The  following  is  a  description  of  the  areas. 

I.  The  superior-parietal  area.  Bounded  mesad  by  the 
mantle-edge,  laterad  by  the  interparietal  aalcus^  cephalad  by 
the  sulcus  next  caudad  to  the  superior  retrocentral  sulcus, 
caudad  by  the  anterior  occipital  sulcus. 

I.  was  subdivided  into  a  cephalic  portion,  I.  (a),  lying 
cephalad  to  the  cephalic  stipe  of  the  interparietal  sulcus,  and 
a  caudal  portion,  I.  (b),  lying  caudad  to  the  same. 

II.  The  area  of  the  angular  gj'rus.  Bounded  mesad  by 
the  interparietal  sulcus,  laterad  by  an  arbiti-ary  line  uniting 
the  junction  of  the  first  temporal  and  its  ascending  ramus  to 
the  transverse  occipital  sulcus,  cephalad  by  the  ascending 
ramus  of  the  first  temporal  sulcus,  and  caudad  by  the  anterior 
occipital  sulcus. 

II.  was  subdivided  iuto  a  cephalic  portion,  II.  (a),  lying 
cephalad  to  the  ascending  ramus  of  the  second  temporal  sul- 
cus and  a  caudal  portion,  TI.  (b),  lying  caudad  to  the  same. 

III.  Area  of  the  cuneus.  Bounded  dorso-cephalad  by  the 
parieto-occipitAl  suU^us,  ventrad  by  the  calcarine  fissure,  and 
caudad  by  the  mantle-edge. 

IV.  The  area  of  the  occipital  pole.  Bounded  mesad  by 
the  mantle-edge  which  separates  it  from  the  cuneus.  laterad 
and  cephalad  by  the  anterior  occipital  sulcus,  caudad  by  the 


lateral  occipital  sulcus,   and  an  arbitrary  line  joining 
mesal  end  of  the  latter  with  the  calcarine  fissure. 

IV.  was  subdivided  into  a  lateral  portion,  IV.  (a),  lying 
laterad  to  a  secondary  sulcus  which  runs  through  the  middle 
of  this  area,  parallel  to  the  mantle-edge,  and  a  mesal  portion, 
IV.  (b),  lylnjc  niesad  to  the  same. 

V.  The  praeeuneal  area.  This  includes  that  part  of  the 
praecuneus  which  lies  cephalad  to  the  parieto-occipital  salens, 
and  caudad  to  the  boundary  Hue. 

VI.  The  ventral  area.  Bounded  mesad  by  the  calcarine 
fissure,  laterad  and  caudad  by  the  lateral  occipital  sulcus  and 
its  arbitrary  continuation  to  the  junction  of  the  first  temporal 
sulcus  with  its  ascending  ramus,  cephalad  by  the  base  tine. 

VI.  was  sulxlivided  into  a  mesal  portion,  VI.  (a),  lying 
between  the  calcarine  fissure  and  the  fourth  temporal  sulcus, 
including,  however,  only  the  dorsal  two-thirds  of  the  gyms 
liugualis,  and  a  lateral  portion,  VI.  (b),  lying  laterad  to 
VI.  (a). 

The  brain  itself  was  now  compared  with  the  model.  The 
portion  corresponding  to  each  one  of  the  ten  areas  just  enumer- 
ated was  cut  into  a  number  of  blocks,  and  the  position  of  ejich 
block  was  carefully  marked  on  the  model.  The  block  was 
then  mounted  and  the  thickness  of  the  cortex  determined. 
There  were  sixty-two  such  blocks  for  each  hemisphere. 

The  thickness  of  the  cortex  was  determined  in  the  follow- 
ing manner:  The  block  was  imbeded  in  celloidin  and  cut 
into  sections  about  .05  mm.  thick,  stained  with  van  Giesou's 
Picro-Fuchsin  and  monnte<l  in  the  usual  way. 

By  this  stain  the  gray  matter  was  coloi-ed  a  much  deeper 
red  than  the  white  and  thus  well  differentiated  from  it.  The 
thickness  of  the  cortical  layer  was  measured  with  an  eye- 
piece micrometer,  each  division  of  which  had  the  value  of 
.067  mm. 

The  following  is  the  detail  of  the  method  of  measurement: 
By  means  of  a  camera  lucida  each  specimen  was  drawn  on  a 
card,  being  enlarged  about  six  diameters.  The  actual  length 
of  the  cortex  in  each  specimen  was  next  obtained  by  <liroct 
measurement.  The  thickness  of  the  cortex  was  measured  at 
the  Iwttoms  and  sides  of  the  sulci  and  at  the  summit**  of  the 
gyri.  Whenever  any  of  these  localities  was  sufficiently  ex- 
tended, more  than  one  measurement  was  taken.  In  general 
the  measurements  of  the  thickness  of  the  cortex  were  made 
at  intervals  of  5  mm. 

Each  measurement  was  then  recorded  at  the  corresponding 
point  on  the  drawing  of  the  specLmen^  and  by  this  means  any 
observation  could  be  easily  verified. 
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The  above  was  b11  done  by  my  assistant  who  was  not  in- 
formed of  the  purpose  of  the  invest! gatioD. 

The  next  step  was  to  cover  all  the  labels,  botli  on  the  speci- 
mens and  the  drawings.  The  drawiuj^s  were  then  shuMed  and 
the  specimens  arranged  in  the  final  or<ier  in  whieh  the  draw- 
ings stood.  In  this  way  the  specimens  from  the  right  and 
left  sides  were  mixed  together  and  all  order  among  them 
destroyed.  All  the  measurements  were  then  repeated  by 
myself.  The  figures  thus  obtained  were  final  and  have  not 
been  altered. 

As  a  result  there  was  obtained  for  each  section  a  length  of 
cortex  and  a  certain  nnml»er  of  measnrements  giving  the 
thickness  of  the  cortex  at  about  ecjual  intervals  of  5  mm. 
The  average  of  the  measurement  for  thickness  multipli'eil  into 
the  length  reprcstrnted  the  area  of  tht*  cross-section  of  the 
cortex  in  the  given  block.  In  order^  however,  to  compare 
these  ai-eas  with  one  another,  it  was  necessary  that  the  length 
of  cortex  should  be  the  same  on  both  sides.  As  this  was 
rarely,  if  ever  actually  the  ease,  the  adjustment  was  made  by 
always  choosing  as  a  norm  the  length  of  that  side  where 
the  cortex  was  shortest.  In  comparing  symmetrical  points 
the  difference  in  the  area  is  thus  rendered  dependent  upon 
.  the  average  thickness  of  the  cortex  alone. 

In  making  np  the  tables  from  these  observations  it  has  to  be 
kept  in  mind  that  if  from  one  block  in  a  certain  area  we  have 
five  or  ten  times  the  length  of  cortex  that  is  obtained  from  its 
neighbor,  that  then  the  average  derived  from  the  measure- 
ments of  this  longer  cortex  applies  to  five  or  ten  times  as 
much  of  the  region  from  which  it  is  taken  and  hence  should 
enter  into  the  sum  from  which  the  average  is  derived  five  or 
ten  times  to  its  neighbor's  once.  In  making  the  tables, 
therefore,  the  average  thickness  of  the  cortex  for  each  block 
is  multiplied  by  the  length  of  cortex  to  which  it  applies. 
The  areas  thus  obtaine<l  are  a<ided  together  and  the  snm 
divided  by  the  number  representing  the  sum  of  the  several 
lengths  of  cortex.  The  quotient  represents  the  avenige  thick- 
ness of  the  cortex  for  the  area  in  qaeution,  the  thickness  as 
determined  for  each  block  having  thus  been  allowed  its  pro- 
portionate weight.  Since  the  length  of  the  cortex  was  very 
different  in  the  different  blocks  the  length  in  that  block 
which  had  the  shortest  cortex  was  taken  as  a  standard.  The 
minimal  length  was  jnst  5  mm.  This  length  of  5  was  taken 
as  a  unit,  and  all  the  other  lengths  have  t)een  written  in 
the  tables  as  multiples  of  this  unit.  In  other  words  those 
numtMjrs  represent  the  true  length  of  the  cortex  divided  by  6. 
Since  the  reduced  lengths  enter  as  factors  into  the  columns  in 
which  the  areas  are  given,  the  figures  there  also  represent 
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the  true  areas  divided  by  5.    With  this  explanation  we  pre- 
sent the  first  table. 

Table  I. 

To  show  the  average  tblckuesfl  of  the  cortei  !n  the  several  sabdl- 
▼iilonSf  with  the  absolute  difference  between  tbe  two  sides  and  thlckDess 
of  rtghc  ilde  la  percent. 
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Angular  gyrua. 
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11 
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+.09 
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Occipital  pole. 

IV.  ». 

6 
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+.06 

97.7 

Occipital  pole. 

IV.  b. 

3 

14.8 

32.76 

31.03 
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Praecanena. 

V. 

4 

1».«  03.56 

68.97 

3.73  3.00 
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Me«o- Ventral. 

VI.  a. 

Q 

16.4  37.50 

33.41 

3.88  3-03  +.25 

89.0 

Ventral. 

VI.  b. 

17!  eO.lj  140.93 

148.37 

2.34  a.«j-.12 

105.1 

niliM. 

EXPLAXATIOX   OF  TABLE  T. 

In  this  table  are  enterecl  the  numl>ei>8  (or  the  ten  suIkUvIh- 
ioD8.  Tbe  numbers  for  the  lar}{er  area»,  e.  ^.  I.,  etc.,  are  not 
entered  because  in  the  presence  of  the  sulidivisions  they  are 
superfluous.  They  can,  moreover,  lie  oblained  in  any  cano 
by  summing  the  uumbei-s  given  for  the  couiponeut  subdi- 
visions. 

Taking  tbe  columns  of  the  table  from  left  to  right  we  have 
the  following  data : 

(I)  Name  of  an^a,  (2)  numerical  deM^nation  of  the  subdi- 
vision, (3)  the  number  of  blocks  cnt  from  the  snUlivision, 
(4)  the  total  length  of  the  cortex  in  said  blocks,  divided  by  5, 
as  prerioualy  explained.    This  length  bos  been  adjusted  ac 
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that  it  18  e<iiial  on  both  siden  of  the  brain.  The  product  of 
this  last  number  into  the  niiml:>er  representin^j  the  average 
thickness  ol  the  cortex  in  this  subtiivision.  first  for  the  (5) 
left,  then  for  the  (6)  right  side.  The  number  in  millimeters, 
represeutinp  the  averaije  thickness  of  the  cortex  in  the  ^ven 
subdivision,  first  for  the  (7)  left,  then  for  the  (8)  right  side. 
The  larger  nnmber  of  each  pair  in  these  two  colamns  i& 
printed  in  heavy  faced  type.  (9)  The  al>soUitye  diflerenoe  in 
millimeters  between  the  pairs  of  figures  in  the  last  two  col- 
nmns.  showing  by  how  mnoh  the  nnmber  for  the  left  side  ex- 
ceeds that  for  the  right.  (10)  The  thickness  of  the  right 
Bide  expressed  as  a  percentage.  The  thickness  of  the  left 
side  being  taken  as  a  standard  1.  e.,  equal  to  100%.  (11) 
Finally,  ''excluded"  is  put  after  each  subdivision  which  can 
not  be  considered  as  part  of  the  visual  area. 

The  numbers  for  each  subdivision  as  entered  in  Table  I. 
have  been  derived  from  detail  tables*  giving  the  length  of 
cortex  and  average  thickness  of  the  same  for  each  block  be- 
longing to  the  subdivision.  These  detail  tables  would  be 
worth  publishing  only  in  case  they  were  accompanied  Wy  fig- 
ures showing  exactly  the  point  at  which  each  section  was 
taken.  At  present  that  is  not  practicable,  hence  they  are  not 
given. 

An  examination  of  Table  I.  shows  that  in  two  subdivisions 
the  cortex  on  the  right  side  is  thicker  than  on  the  left.  Since 
we  are  determining  the  extent  of  only  that  cortex  on  the 
right  side  which  is  thinner,  these  two  cases,  V.  and  VI.  (b), 
are  to  be  at  once  excluded.  In  the  remaining  eight  cases 
the  thickness  of  the  right  side  Is  from  99.2%  to  87.0%  of 
that  of  the  left.  The  next  question,  therefore,  is  what  differ- 
ence may  l)e  considered  significant  for  our  purpose. 

To  this  end  we  must  determine  first,  what  variations  occar 
in  the  thickness  of  the  two  sides  of  normal  bi-ains. 

I  have  determined  the  relative  thickness  of  the  occipital 
cortex  in  the  brains  of  six  males  and  three  females,  sampling 
each  hemisphere  at  three  points  (*•"■*■). 

Conti(')  has  determined  the  same  for  seven  males  and  four 
females.  The  figures  apply  to  his  post-rolandie  region, 
namely  all  that  which  lies  behind  a  vertical  plain  passing 
through  the  mesal  end  of  the  rolandic  fisenre. 

Frauceschi'sC)  observations  were  made  on  ten  male  and 
ten  female  brains  and  ai>pear  to  ai)ply  to  the  occipital  lobe  of 
Ecker. 

In  general,  then,  the  figures  obtained  by  Conti  and  Fran- 
ceschi  are  comi)arable  with  those  which  I  have  obtained  from 
these  last  measurements  of  the  Bridgman  brain.  The  avera- 
ges from  the  controls  measured  by  myself  are  taken  from 


Table  n.  shows  the  greatest  difference  between  the  right 
and  left  sides  in  the  ca^  of  the  six  normal  males  ez- 
amiuetl  by  myself,  the  rinht  side  Itein^'  the  thinner,  98.8% 
of  the  left.  In  the  females  the  right  side  is  less  thin,  averag- 
ing for  the  seventeen  eases  99.8%,  while  for  the  twenty-three 
males  it  is  99.6<;{,. 

Taking  the  greatest  difierenee  found,  98.8 9i,  and  appljnng 
it  to  Table  1.  we  exclude  area  1.  (a),  since  there  the  right 
side  differs  from  the  left  less  than  in  the  case  of  the  normal 
males  jnst  cited. 

The  other  differences  shown  in  Table  I.  we  may  now  re- 
gard as  significant  and  employ  them  for  plotting  the  visnal 
area.     See  Plate  I. 

Acconling  to  these  figures  the  ontline  of  the  visnal  area  U 
the  following:     Commencing  where  the  cephalic  stipe  of  the 
interparietal  sulcus  cuts  the  mantle-edge  and  i>asHing  Latero- 
cepbiiiad  along  the  latter  to  its  jnnction  with   the   iai 
retrocentrol  salens,  the  boundary  then  takes  the  shorten 
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to  the  ascending  ramus  of  the  first  temporal  sulcus,  following 
this  to  ita  union  with  the  sulcus,  from  here  the  shortest  line 
to  the  lateral  occipital  sulcus  from  the  mesal  end  of  which  lu 
arbitrary  line  turns  toward  the  fourth  temporal  sulcus, 
running  parallel  to  this  sulcus  it  cut>4  the  gyrus  lingualis  so 
aa  to  leave  the  ventml  third  of  the  latter  in  connection  with 
the  fourth  temporal  sulcus  and  continues  to  a  point  just  ven- 
trad  of  the  cephalic  end  of  the  calcarine  fissui-e,  which  it  joins 
by  an  arbitrary  line  running  dorsad,  it  then  passes  caudad 
along  the  calcarine  fissui-e  to  the  junction  of  the  same  with 
the  parieto'occipital  sulcus,  and  finally  along  this  sulcus  to 
the  mantle-edge,  then  cephalad  along  the  latter  to  the  point  of 
departure. 

Such  are  the  limits  of  visual  ai'ea,  as  determined  by  thia 
method,  in  the  right  hemisphere  of  the  Bridgman  brain. 

All  previous  direct  determiuatious  of  this  area  in  man  have 
been  by  the  method  of  limit.e<l  lesions,  and  I  find  that  my  out- 
line follows  so  closely  that  given  byGowers(')  in  his  diagram 
and  obtained  by  the  lattei'  method,  that  I  venture  to  think 
that  the  two  methods  lead  to  almost  identical  results  and 
hence  mutually  BUpi>ort  one  another. 

The  visual  area  hei*e  outlined  can.  however,  be  examined 
in  detail  with  advantage.  The  ai'eas  of  the  cuneiis  aud  that 
of  the  occipital  pole  [III.,  IV.  (a)  and  IV.  (b)]  show  the 
coitex  on  the  right  side  only  slightly  thinner  than  on  the  left. 
The  areas  immediately  around  those  just  meutioued.  viz., 
I.  (b),  IT.  (b)  and  VI.  (a),  show  the  greatest  thinning  on  the 
right  side.  Beyond  this  second  scries  we  have  but  one  other 
area,  II.  (a),  in  which  the  difference  is  again  small. 

The  theoretical  explanation  for  this  relation  of  things  is  the 
following:  The  cunens  and  the  occipital  pole  form  the  more 
fundamental  portion  of  the  visual  area,  hence  would  be  earlier 
developed  and  more  resistant  to  disturbing  influences.  If 
such  were  the  case  the  differential  effect  of  the  lesion  would 
be  less  evident  in  this  region  l>eoause  the  growth  was  inore 
nearly  complete  at  the  date  of  the  injury.  Moreover,  l>oth 
eyes  are  represeuted  on  each  side  in  the  ai-eas  of  the  cuueus 
and  occipital  pole,  and  hence  the  loss  of  sight  in  the  left  eye 
would  have  producetl  some  arrest  on  the  left  side,  though  we 
should  expect  the  arrest  to  be  decidedly  less  than  on  the 
right.  So  much  by  way  of  explaining  why  the  regions  of  the 
cunens  and  occipital  pole  do  not  show  greater  difierences  In 
the  two  sides. 

To  explain  why  the  surrounding  region  does  show  grater 
differences.  I  assume,  first,  that  this  region  reaches  complete 
development  later,  and  would,  therefore,  be  more  affetted  ua. 
der  these  conditions.     Where  the  greatest  difference  occurs 


namely,  in  the  caudal  portion  of  the  anffnlargyma,  IT.  (b). 
We  have  a  region  which  is  held  by  some  authors  to  be  in  con- 
nection with  the  op|W)Hit«  eye  mainly,  and  hence  we  have  here 
two  conditions  which  would  induce  the  greatest  difierenoe  in 
growth  between  the  two  sidee.  In  the  outermost  area, 
n.  (a),  I  look  upon  the  visual  representations  as  decreasing, 
hence  the  loss  of  vision  would  produce  a  less  evident  ari'est 
here. 

It  is  hardly  desirable  to  fnrtherdwell  on  these  explanations, 
sinoe,  in  part  at  least,  they  can  1>e  tested,  and  it  can  thus  be 
determined  whether  they  are  valuable. 

In  this  connection  there  is  one  remaining  observation  to  be 
noted.  The  mounted  specimens  of  the  cortex  all  show  to  the 
naked  eye  a  clear  stratification  due  to  a  light  line.  li  the 
specimens  are  sorted  according  to  the  distinctness  of  the  light 
line,  disregarding  the  labels,  and  we  pnt  by  themselves  those 
in  which  the  line  is  clear  and  sharp,  it  is  found  that  we  have 
all  the  samples  of  the  cortex  from  the  caneus,  the  occipital 
pole,  and  also  from  the  affected  part  of  the  gyrus  lingnalis. 

It  thus  happens  that  the  line  of  Baillarger  or  of  Gennari,  as 
it  has  been  i^christened  by  Obersteiner,  is  co-extensive  in 
this  brain  with  portions  of  the  visual  area,  which  I  have 
called  fundamental,  but  also  runs  over  to  the  gyrus  lingnalis, 
which  can  not  l>e  included  in  that  part  for  the  reasons  above 
given.  So  evident  a  structural  peculiarity  must  have  some 
physiological  significance,  but  this  case  as  it  stands,  does  not 
show  what  that  is. 

We  conclude  then  that  in  this  single  brain  we  have  the 
entire  visual  area  marked  out.  This  ai-ea  includes  the  cuneus 
and  angular  gyrus,  but  does  not  pass  onto  tlie  ventral  sni-face. 
The  thinning  of  the  cortex  is  not  the  same  throughout  the 
visual  area,  but  is  small  in  the  cuneus  and  occipital  pole, 
large  in  the  areas  immediately  surrounding  it,  and.  finally, 
small  again  in  the  most  outlying  jwrtions.  The  explanation 
whicii  I  have  offei'ed  for  this^  is  the  stage  of  development  in 
which  the  various  portions  of  the  cortex  were  found  at  the 
time  vision  was  lost,  and  the  degree  to  which  each  eye  is  rep- 
resented in  several  portions  of  both  areas.  Finally,  Gennari's 
line  almost  coincides  with  the  fundamental  portions  of  the 
areas,  bnt  oversteps  it  so  far  ns  to  take  in  thr*  dorsal  portious 


of  the  gyrus  lingualis.  ami  tJms,  at  \- 
plained  as  a  i>e<'ulinr  character  of  tlie  fm 

The  idea  involved  in  this  in\ . 
observations  of  Huguenin(*),    I 
Mills(')  were  tiused  ui»on  it,  but  r 
time  that  advantage  has  Iteen  take** 
ply  it  in  detail. 


•t  l>e  ex- 
ition. 
The 
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To  myself  the  point  of  most  interest  is  that,  if  these  ooncTn- 
Bions  are  warninted,  we  have  now,  throuKh  the  early  destmc- 
Uon  of  sense-organs  and  the  subse^jnent  examination  of  the 
cortex,  a  means  of  oxperi  men  tally  determining  in  animals  the 
limit-s  of  the  several  f^oAory  area^t.  For  the  feasibility  of  this 
plan,  the  eiperiments  of  v.  Gudden  and  his  seiiool  already 
offer  some  indirect  support. 

Explanation  of  Plate  I. 

This  plate  has  been  made  in  the  following  way  :  On  the 
right  side  the  caudal  portion  of  the  riglit  hemisphere  is  repre- 
sented in  some  detail.  There  are  three  views :  Fig.  1, 
lateral:  Fig.  2,  caudal ;  Fig.  3,  mesal.  The  reversed  out- 
line of  this  same  portion  is  represented  on  the  left  side  of  the 
plate.  The  boundary  of  the  portion  taken  is  marked  by  a 
heavy  line.  On  the  left  side  the  limits  of  the  subdivisions 
are  all  marked  by  broken  lines,  and  within  each  subdivision 
is  given  its  numerical  designation  and  the  average  thickness 
of  the  cortex,  in  millimeters.  These  are  repeated  on  the 
right  side,  but  the  broken  lines  are  omitted.  As  will  be  seen, 
in  certain  cases,  some  of  these  data  are  omitted.  Ko  ventral 
view  is  given  l)e<ause  ti»e  cortex  there  is  excluded.  The  ex- 
cluded portions,  so  far  as  shown,  are  left  white,  but  on  the 
right  side  the  less  affecte<l  sulxlivisions  are  hat<^hed  with  a 
single  line,  while  the  more  affected  are  so  indicated  by  a 
doubly  hatched  line.  The  hatehed  portion  on  the  right  side, 
therefore,  represents  the  visual  area  aa  determined. 
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Plate  I, 
Showing  three  aspects  of  the  occipital  lobe. 


Fio.  1.    Lateral  aspect. 
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FiQ.  2.    Caadat  aspect. 
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Kio.  3.    Mesal  aspect. 


SOME  INFLUENCES  WHICH  AFFECT  THE  RAPIDITT 
OF  VOLUNTABl'  MOVEMENTS.* 


By  F.  B.  DuESSLAB^  Fellow  ta  Psychology  to  Cl&rk  ITolTenltj. 

The  purpose  of  this  research  was  (I)  to  find  a  convenient 
and  accurate  method  of  recoi-diug  and  timing  rapid  voluntary 
movements,  and  (2)  to  determine  some  of  the  conditions 
which  influence  the  rate  of  snch  movement-s.  |The  experi- 
ments were  limited  to  a  study  of  the  rate  at  which  one  can 
tap  on  a  Morse  key.  Three  hundred  taps  were  made  as 
rapidly  as  possible  at  each  test,  and  the  condition  of  the  snb- 
ject  noted.  During  the  course  of  the  experiments  over  400 
tests  were  made,  involving  more  than  120,000  taps. 

Apparatxts.  The  apparatus  used  consisted  of  a  kymograph 
with  the  revolving  drum  set  perpendicularly,  and  covered 
with  smoked  paper.  On  a  standai^d  was  fastened  an  electro- 
magnet which  was  put  in  a  circuit  alternately  made  and 
broken  by  a  clock.  .  Attached  to  the  armature  of  this  magnet 
was  a  projecting  metal  point  which  registered  the  seconds  on 
the  revolving  drum.  On  the  same  standard  was  fastened  a  com- 
mon clock  movement,  the  escapemeut  of  which  was  alternate- 
ly raised  by  an  electro-magnet  at  one  end,  and  by  a  resisting 
spring  at  the  other,  according  as  the  electric  circuit  was  made 
or  broken  by  a  Morse  key.  Thus  with  each  tap  on  the  key  the 
escapement  wheel  was  permitted  to  move  one  notch.  To  pre- 
vent jars  this  key  was  placed  on  an  adjacent  table,  bat  near 
enough  for  the  operator  to  manage  the  kymograph.  Upon 
this  key  the  taps  recoi-ded  wei-e  made.  In  oi-der  to  register 
the  taps  on  the  slowly  moving  drum,  a  silk  cord  was  passed 
once  around  a  small  pulley  substituted  for  the  second 
hand  of  the  clock.  One  end  of  this  cord  was  made  fast  to  a 
wire  bearing  a  fixed  writing  point,  the  other  to  a  counter- 
weight. The  wire  was  held  in  a  perpendicular  position  by 
passing  it  through  two  brass  strips  extending  out  from  the 


'  The  work  wa?  done  uuder  the  direction  of  Dr.  Wurren  r.  Lombard, 
AflSletant  Professor  of  Phj-siologr,  to  whom  1  am  indebted  for  m&oy 
saggestloDs  in  determiaiug  oiechoda  fttr  work,  aod  for  help  lo  devUlog 
appAratus. 
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board  on  which  the  clock  was  fastenetl.  The  writing  point 
was  fixed  on  the  wire  between  these  strips  and  the  amplitude 
of  its  movement  made  correspond  exactly  to  300  taps  on  the 
key,  by  a<iju8ting  a  wooden  clasp  on  tJie  npper  strip-  When 
the  drnm  was  moving,  the  line  tTace<i  by  the  writing  point 
formed  an  angle  with  the  abscissa  which  varied  according  to 
the  rapidity  of  the  taps  on  the  key. 

To  determine  the  time  recinired  to  make  300  taps,  perpen- 
diculars were  drawn  to  the  seconds  line  from  the  points  where 
the  writing  point  began  to  rise  and  where  it  reached  the  up- 
per limit  of  its  motion.  The  seconds  comprehended  between 
these  perpendiculars  gave  the  time. 

The  following  is  an  example  of  n  normal  record. 


Fio.  1. 

Method  of  Work.  From  8  a.  m.  to  6  p.  m.  six  tests  of  300 
taps  each  were  made ;  one  every  two  hours.  The  usnal 
working  honrs  of  the  day  were  thus  covered  by  the  experi- 
meute,  and  sufficient  time  intervened  between  the  records  for 
the  subject  to  n;cover  frou»  any  possible  fatigue.  Three 
bondred  taps  were  chosen  because  it  was  thought  that  after 
practice  this  number  would  not  be  fatiguing^  and  at  the 

'  It  wu  noticed  uft^r  the  testa  hitd  all  t>eeD  made  Chat  many  of  th« 
CQTTM  thowed  1  dccreaytng  rate  towards  the  end  of  the  300  taps  and 
lb»  gave  evidence  of  incipient  fatigue,  thoagh  all  «enKattous  of  fatij^e 
had  ceaaeil  with  the  first  few  day>  of  the  work.  By  actual  count  out  of  one 
handred  curves  ukeu  at  random  from  the  laxt  mouth  of  work,  seventy 
showed  the  effect  of  this  Qnconacloas  fatigue.  This  itreogtheni  the 
belief  that  the  method  u»ed  may  prove  meful  at  a  mild  but  sensitive 
ollnical  test. 
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same  time  sufficiently  great  to  show  any  flactnation  in  the 
normal  rate.  The  coui-se  of  the  exi>ftriment-a  furnished  no 
evidence  that  this  number  was  not  well  chosen. 

The  fore-arm  rested  on  a  firm  support  and  the  tapping 
movements  were  as  far  as  possible  confined  to  the  wrist. 
Throughout  these  experiments  the  subject  gave  his  w^hole  at- 
tention to  the  work,  and  mode  the  300  taps  with  the  greatest 
possible  rapidity.  The  condition  of  the  operator  was  carefully 
recorded  beneath  each  record,  and  especial  attention  g^ven  (o 
any  circnmstance  which  it  was  thought  might  intluence  the 
rapidity  of  the  taps. 

Normal  rate  of  volnnJaiy  laps.  Table  I,  column  1,  shows 
that  the  average  rate  attained  for  300  taps  for  the  time  there 
recorded  was  8.5  taps  per  second.  Column  2  should  not  be 
included  in  the  average,  because  during  this  period  many  con- 
ditions were  introduced  that  more  or  less  affected  the  normal 
rate.  The  most  rapid  rate  attained  for  300  taps  for  any 
single  record  was  10  taps  per  second.  Even  this  last  rate 
ooidd  be  exoelled  for  a  short  time.  From  30  t-ests  made  at 
the  beginning  and  near  the  end  of  the  work,  tlie  rate  for  the 
left  hand  wa4  found  to  t>e  5.3  taps  per  second. 
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Table  I. 


1. 

3. 

Ko.  of  Mooadt  nqulred  to  make  800  U|m. 

Dati. 

C£ 

10  : 

13. 

t: 

«: 

ft: 

Datb. 

sa 

10  2 

u- 

3£ 

4£ 

•  r 

Feb.  3 

37 

38 

36 

36 

84.6 

36 

lar.lO 

44.% 

37 

88 

89 

34 

36 

"    4 

37 

38 

33.6 

35.6    33.5 

1 

36 

1 
•*    1137 

34.5 

38 

43 

33.6 

36 

"    6 

40 

85.6 

34.6 

36.36  34.6 

34.5 

"    "« 

41 

36 

40.35 

36 

40 

it    8 

80.5 

84 

33.a5 

38 

33.6 

81.6 

'*    14 

43 

43 

38.6 

43 

40 

43.35 

u    9 

37 

33.5 

34 

384 

37 

"    16 

44 

39 

30 

43 

39 

46 

*'  10 

30.75 

37 

34.76 

36 

84 

38 

**   18 

45 

S8 

38  JS 

41 

34 

43 

"  11 

38 

36.5 

36.0 

34.5 

36 

87 

"    17 

43 

89J 

40 

41.75 

39 

40 

"  12 

40.6 

37.6 

37 

38 

33 

86 

»    18 

43.6 

40 

44 

40 

37 

38 

"  13 

37 

38.6 

37.6 

30.6 

34.5 

37 

..    19 

39 

3^5 

36.5 

40 

36 

38 

"  18 

38.75 

31.25 

31.9 

30 

30.6 

33 

u  aj 

40.36 

40 

39 

40 

36 

4a 

"  16 

33.6 

33.6 

33.6   31.SS 

38.35 

t»  aa 

41 

41 

37.6 

40 

36.35 

38 

»  17 

36.6 

33 

sa 

Sa.75  38 

34 

"  as 

46 

88 

30 

87.35 

37 

30 

"  18 

36 

36.S6 

36.6 

87.6 

33 

33 

"    34 

40 

43.75 

41 

40.6 

38 

4B 

"  19 

30 

84.6 

33.6 

37.36 

sa 

85 

"  a5 

55 

47.5 

37.35 

41.36 

36.6 

87 

**  ao 

37 

36 

35 

36.6 

34.5 

S3 

*•    36 

40.6 

40.5 

40 

40 

38.6 

88 

u  2a 

40.76 

36 

38.6 

33 

"    38 

43.6 

38.6 

43.6 

43 

41 

41.5 

Aver. 

37.8 

35.4 

84.6 

35.6 

33.6 

36.1 

General  aven^  35.3. 


The  rapidity  with  which  the  taps  were  made,  at  first  sug- 
gested that  the  movements  were  not  roluntary  in  the  stricter 
sense,  but  more  in  the  natnre  of  tremor.  To  test  this,  the 
contacts  of  the  Morse  Icey  produced  by  normal  taps,  were  re* 
corded  on  a  revolving  drum  by  a  Depri^z  signal,  and  each 
movement  timed  by  a  tuning  fork  of  1(M>  V.  1).  These  wer« 
compared  with  reconlH  taken  in  the  same  way  for  tremor  •"'' 
the  wriat,  and  also  of  the  lore-arm.  All  attempt**  to  pf 
tremor  of  the  wrist  re.sulted  in  lateral  movements  in» 
the  up  and  down  movements  used  in  making  the  regi 
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VoluDt&ry  UoTements. 


Tremor. 


Time  In  hundredthi  of  ft  Becotsd. 

Tlm«  In  tiiiAdrtdtlM  Of 

k  second. 

Unfl 

No. 

TlnM. 

Urn. 

Vo. 

Ttno. 

A 

1 

9.8 

B 

1 

8 

3 

9.3 

3 

8.0 

3 

.      9 

a 

7.76 

4 

lOJ 

4 

8.8 

5 

9.6 

fi 

7.8 

0 

8.1 

6 

8.4 

T 

10 

7 

7^ 

A' 

1 

9^ 

8 

8.75 

a 

10.3 

B' 

1 

6.8 

8 

8.9 

3 

8.3 

4 

9 

8 

8.3 

0 

9.6 

4 

7.8 

6 

10 

6 

7.5 

1 

9.fi 

6 

8 

8 

10 

7 
8 
9 

6.7 

Arer&ge. 

9.5 

8 
8 

k 

10 

ht 

i 

Arerage. 

7.9 

Daih/  rhythm.     Alter  hxx  weeks  of  work  it  was  seen  that 
the  dftily  records  indicotiid  a  daily  rhythm  and.  w>i«n  no 
varying  influoncea  were  introduced,  the  rec 
respondiiiK  honr*  of  t-aoh  day  were  quitj' 
age.s  of  tiie  time  reiiuired  to  make  * 
hourn  on  the  days  given  in  Tabic  I,  o 
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Udm  of  day. 

8  A.U. 

10  A.M. 

laM. 

2  P.M. 

4  P.M. 

ep.M* 

Time  tn  leooitda. 

87^ 

86^ 

84.6 

3S.B 

88^ 

SfrJ 

The  followinjcr  characteristic  carve  is  obtained  from  these 
averagep.  This  curve  would  bo  mnoh  less  significant  did  it 
not  correspond  very  closely  in  shape  to  the  normal  daily 
curve. 


19  *.«■        13  M. 


tr.M.      «r>K- 


Note.— Dl0t&DC«  along  the  abectuAe  Kpresenla  time  of  day ;  along 
the  ordlnates  the  numtwr  of  seconds  required  to  make  300  taps. 

The  shape  of  this  curve  was  unexpected,  for  it  was  natur- 
ally thought  that  the  greatest  rapidity  would  be  attained 
sometime  dnring  the  forenoon.  It  will  be  shown  lat«r  that 
the  rate  at  which  it  was  possible  to  tap  was  increased  by  men- 
tal excitement  or  activity,  This  fact  is  in  harmony  with  the 
daily  rhythm.  The  activity  of  the  central  nervous  eystem 
probably  increased  during  the  hours  of  work  from  8  to  12, 
lessened  dnring  the  noon  hour  of  relaxation,  increased  again 
until  4  o'clock  in  the  afternoon,  and  then,  the  chief  work 
of  the  day  being  over,  again  decreased.  The  cloHe  correspon- 
dence of  this  curve  to  the  daily  programme  of  work  for  two 
years  previous  is  suggestive  in  the  direction  of  habit ;  these 
were  spent  in  public  school  work  with  a  daily  programme 
beginning  at  8  a.  m.  and  closing  at  4  p.  m.,  with  an  hoar  and 
a  half  intermission  at  noon. 

It  is  probable  also,  that  corresponding  changes  in  the  tonna 
of  the  muscles  of  the  body,  accompanied  the  changes  of  cen- 
tral activity,  and  this  increased  muscalar  tension  mechani* 
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cally  favored  the  rapidity  of  the  movements.  The  decreased 
rate  at  2  p.  m.  cannot  be  accounted  for  by  the  walk  to  and 
from  meals,  as  special  experiments  showed  that  the  rate  was 
not  affected  by  such  short  walks.  The  rise  at  G  p.  m.  may 
partly  be  dae  to  fatigne^  but  it  is  thought  to  be  chiefly  due  to 
an  unconscious  relaxation,  as  the  chief  work  of  the  day  ended 
at  4  p.  m.  By  a  carefal  study  of  the  barometric  charts  ex- 
tending over  the  whole  series  of  experiments,  it  was  found 
that  no  effect  of  atmospheric  pressure  could  be  detected. 

Effect  of  Muscular  Exerriae.  After  almost  two  months  of 
work  it  was  noticed  that  irregularities  were  introduced  into 
the  daily  curve  when  a  vigorous  walk  had  been  taken.  To  test 
this,  walks  were  purposely  taken  between  different  periods 
of  work  for  a  series  of  days  ;  the  following  table  shows  the 
average  results  ;  these  averages  would  be  less  significant,  did 
not  the  individual  cases  show  every  time  a  decnnsed  rate  af- 
ter the  walk : 


B«for«  Walking. 

Aft«r  Walking. 

Time  of  Ottr. 

TUns  U  MC.  for  300 

Time  of  Day. 

Ttaw Inane,  for 

DiflvraaoB. 

8».  pa. 
10  ft.  m. 
lam. 

S  p.  in. 

4  p.  m. 

41 .75 
3d 

36.5 

3» 

10  &.  m. 
ISm. 

9  p.  m. 

4  p.  m. 

ftp.  m. 

43.75 
43.5 
44  J( 
44 

4e 

3     MC. 

4.5" 

5     '* 
7     '* 

This  falling  off  in  rate  after  a  walk  is  probably  due  to  (a) 
general  fatigue  and  (b)  mental  relaxation  induced  by  the 
walk,  because  a  walk  toward  the  close  of  the  day  when  the 
normal  rate  was  the  highest,  produced  more  marked  effect 
than  a  similar  walk  in  the  morning. 

Effect  of  Vigoroius  Mental  Exercise.  It  was  noticed  by  a 
comparison  of  records  and  the  dally  journal,  that  strong  men- 
tal concentration,  esfiecially  if  ac^tompanied  with  the  excite- 
ment of  interest,  was  favorable  to  rapidity  of  movement.  To 
test  this  further,  r*H*ord8  were  taken  immediately  before  and 
after  sorting  into  heaps  as  rapidly  an  possible  80  cards  of  10 
different  kinds.  Several  packs  were  rapidly  distributed  with 
a  lew  seconds  rest  between,  until  it  required  the  utmost  con- 
centration to  fix  and  keep  the  i>08ition  of  the  different  kinds 
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in  mind.  The  exercise  is  somewhat  exciting  and  to  make  the 
best  time  it  requires  the  most  undivided  attention.  The  fol- 
lowing table  gives  the  time  in  seconds  required  for  mairfng 
300  taps  before  and  after  such  experiments : 


Before  Sorting 

Card*. 

After  8orrlng  Cards. 

Dste. 

Tbasof 

Dftjr. 

Ttm»  In  Mn. 

for  MM  tapr. 

lYmeoC 
D.T. 

tor  MO  tap!. 

Apr.    S 

3.00  p.  m. 

44 

4.00  p.  m. 

41 

—3 

"      8 

10.45  a.  m. 

34.75 

11.05  a.m. 

88 

-Ml 

»      8 

S.OSp.m. 

39.6 

6.45  p.  m. 

89 

Hk 

"      9 

8.10  a.  m. 

89 

8.30  a.m. 

86.5 

~H 

"      9 

11.10  a.m. 

39.25 

13.00  m. 

86.6 

-n 

"     11 

10.10  a.m. 

46 

10.45  a.  m. 

40.75 

-»* 

"     11 

3.40  p.  m. 

41 

4.05  p.  m. 

41 

0 

"     19 

4.00  p.  m. 

89 

4.46  p.  m. 

86 

— « 

"     13 

10.35  a.m. 

38.5 

11.20  a.m. 

38.6 

0 

*'     14 

1.15  p.m. 

44.5 

2.00  p.m. 

39.5 

—6 

"     15 

9.46  a.  m. 

41.75 

11.05  a.  m. 

41.6 

-4 

'*     16 

10.05  a.m. 

37.5 

11.45  a.  m. 

34 

—34 

"     18 

10.25  a.m. 

43.25 

11.30  a.m. 

36.6 

-5} 

Before  Sorting  Ctrdi.  Afc«r  Sorting  Cardi. 

NOTC— Polnta  a,  b,  e,  d,  etc.,  curve  I,  reprewnC  (mU  before  torting 
Cftrda,  and  a'^  b\  e',  d'j  etc.,  carve  II.  corre*pouiilQg  tettt  after  sorting 
Cftrda.  The  dotted  line,  A  A\  connectN  the  pototi  reprewDting  the 
ftTerage*  before  and  after  lorUog  Che  card*. 

After  studying  the  variations  caused  by  snch  severe  mental 
work,  and  taking  into  the  account  that  vigorous  physical  ex- 
ercise had  produced  the  opposite  effect,  it  soeme<l  probable 
that  the  increase  in  rate  was  due  to  increased  central  activity 
and  the  unconscious  tension  of  the  muscles  attending  this 
central  excitation.  This  view  was  somewhat  strengthened, 
when  a  study  of  the  whole  series  of  experiments  revealed  the 
f:u>t  that  an  incrt^ased  rate  had  accompanied  mental  excite- 
ment. For  example,  thi?  rat«  was  increageil  after  rca<)tng  an 
interesting  unexpected  letter,  after  the  announcement  of  a 
distinguished  visitor  to  inspect  the  work,  and  Just  before 
reading  a  pai>er  before  the  psychological  seminary.  While 
these  observations  are  too  few  to  base  upon  them  definite 
statements,  they  are  of  value,  because  such  conditions  can- 
not be  manufactured  at  will. 

From  the  results  of  these  observations  the  Bngge.stion  came 
that  such  induenccs  might  throw  light  on  the  differeuou  be- 
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tween  senaory  and  motor  rt^action-tiine.  The  foUowinjr  table 
shows  a  series  of  rea<tionH  iM'fort;  and  after  gorting  cards  as 
previously  exjtiaineil,  given  in  thonaandths  of  a  aeoond  and 
obtained  ^ith  a  Hipp  chronoseope : 


Sea»ory. 

Uotor. 

Before  Cftrdf . 

After  Cards. 

Befora  CmnlB. 

After  CtedB. 

198 

IGl 

117 

IM 

131 

123 

108 

131 

3ie 

134 

116 

131 

181 

146 

111 

Ufl 

130 

161 

116 

117 

197 

151 

119 

US 

16S 

14« 

123 

117 

147 

114 

104 

107 

161 

120 

118 

110 

141 

140 

115 

lOB 

136 

ii;i 

IW 

108 

i»r 

143 

143 

106 

129 

107 

158 

lis 

116 

133 

in 

108 

133 

137 

130 

109 

13(J 

115 

140 

115 

IM 

131 

13ft 

121 

13S 

110 

233 

104 

134 

117 

149 

114 

214 

126 

108 

129 

13'J 

154 

117 

107 

121 

101 

115 

111 

If.  I 

132 

130 

146 

130 

136 

131 

9S 

171 

140 

156 

110 

100 

129 

121 

110 

150 

201) 

123 

IK 

140 

100 

107 

113 

SIS 

135 

136 

113 

180 

121 

Aver.  138.3 

Aver.  118.6 

Aver.  163.1 

Aver.  130.3 

At.  nr.  IS .5 

Ir.  T».  8.06 

Ir.  TV.  19.1 

It.  nr,  lft.6 

These  differences  in  reaction- times — which  are  relative  and 
not  absolut^e  —  mnst  depend  chiefly  and  primarily  on  ebangred 
central  conditions;  for  even  if,  as  has  been  suggested,  the 
muscles  are  in  a  greater  state  of  tension  after  snch  mental  ex- 
erciseSf  it  is  a  rcNult  of  an  unconscioiiM  partial  innervation  of 
the  muscles  of  the  body  accompanying  increased  central  ac- 
tivity. If  it  be  true  that  general  mnscalar  tension  is  pro- 
duced by  mental  concentration,  it  leads  to  the  very  important 
suggestion,  viz.:  that  the  chief  cause  of  the  feeling  of  bodily 
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weariness  resulting  from  mental  concentration^  may  be  due  to 
muscular  fatigue. 

Experiments  on  Others,  Experiments  were  made  at  my  re- 
quest by  two  other  men.  They  followed  the  same  profframme 
Uiat  I  had  used.  Records  were  taken  for  seventeen  days  by 
B..  and  for  six  days  by  L.  In  neither  case  was  there  devel- 
oped any  mai'ked  daily  rhythm.  B.'s  averages  for  the  differ- 
ent hours,  show  the  greate&t  rapidity  at  8  a.  m.  and  the  least 
at  6  p.  m.,  while  the  rate  at  the  other  fonr  hours  was  approxi- 
mately the  same.  The  mean  variation  is  so  large,  however, 
that  these  averages  are  comparatively  meaningless.  The 
daily  rh>'thm  in  my  own  case  did  not  make  its  characteristic 
appearancH  until  after  almost  a  month's  practice.  The  only 
definite  results  from  the  work  of  B.  and  L.  arc  their  rates  and 
the  effect  of  exercise  which  will  be  spoken  of  further  on. 
B.'s  rate  for  the  whole  series  of  testa  mside  was  6.4  taps  per 
second  ;  for  L.  tlie  rate  was  G.8  taps  per  second. 

During  the  course  of  the  experiments  tests  were  made  upon 
B  number  of  visitors.  The  aceompanying  table  shows  their 
rates,  and  is  of  interest  in  that  great  individual  differences 
are  shown. 


Kate  of  Visitoba. 

uat 

TbDo  of  Day, 

Tliii**lii 
KM 

lee.  for 

D«ta. 

ItuIlTld- 

Uftl. 

Tbne  o(  D«y. 

Tim"  Id  hc.  for 
aooiApa. 

Dftt«k 

Klvht 

LKft 

Hand. 

HauJ. 

Left 
Ha-od. 

1892 
F«b.5 

A. 

11.10  a.m. 

46 

08 

1893 

L. 

3.30  p.  m. 

47 

tl      14 

B. 

IXJiO  a.  m. 

46 

49 

*.  12 

H. 

6.30  p.  m. 

57 

U     %i 

C. 

11.00  A.  m. 

43.5 

61  .S 

"  32 

N. 

&.30  p.  m. 

47.36 

tl      •! 

D. 

S.OO  p.  m. 

46 

DO 

Apr.  4 

0. 

10.00  ft.  m. 

S3 

It      tl 

S. 

0.00  ft.  m. 

U 

67 

-t  10 

P. 

12.00  ID. 

60 

»       » 

F. 

10.30  a.  m. 

46 

60 

*•  10 

Q. 

1 .00  p.  m. 

67 

»    0 

G. 

4.00  p.  m. 

46 

64 

"  10 

R* 

1.00  p.  m. 

51.6 

03 

"    9 

H. 

4.1U  p.  D. 

49 

'»  26 

8. 

3.00  p.  m. 

06 

'♦    fi 

I. 

4.15  p.  m. 

S1.6 

"  16 

T. 

3.00  p.  m. 

67 

"  32 

J. 

4,30  p.  m. 

61 

Uar.4 

K. 

4.00  p.  m. 

4S 

■ 
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Effect  of  Practice,  The  average  ratee  of  B.  and  L.  were 
reached  on  the  third  day,  and  no  perceptible  increase  came 
in  the  remainder  of  two  weeks'  work.  The  increased  normal 
rate  seemed  to  be  chiefly  due  to  the  fact  that  fatigue  cea«ed, 
which  was  shown  in  the  greater  reffu^ft^ity  of  the  carves. 
All  visitors  who  took  a  record  for  the  first  time  complained 
of  fatij^rue,  and  the  change  in  the  direction  of  their  carve 
toward  the  close  of  a  record  plainly  showed  their  diminishing 
rate.  In  my  own  case  the  average  ability  had  been  attained 
while  testing:  and  perfecting  the  apparatus  previous  to  record- 
ing any  work.  In  order  to  test  the  efiect  of  exercise  of  the 
right  hand  upon  the  left,  the  rate  of  the  left  was  found  at  the 
beginning  of  the  experiment,  and  again,  after  more  than  two 
mouths  of  work.  The  result  shows  no  gain  in  the  left.  U 
the  rate  of  the  left  had  been  influenced  any  it  occurred  before 
any  records  were  taken. 

Effect  of  Rest.  The  eOect  of  a  day  of  rest,  when  the  sub- 
ject was  in  good  health,  was  very  slight  as  shown  by  compar- 
ing the  records  of  two  Saturdays  and  two  following  Mondays : 


Saturdays. 

Mondays. 

|i 

a 

m 

3 

o 

41 

37.5 

n 
S 

3« 
36.5 

i 

40 

40 

2 

3« 

38 

i 

« 

40 

38 

P 

2 

m 

H 
•4 

o 

43 

40 

11 
«« 

38.5 
39 

M 

43 
40 

•1 

• 

43 
39 

•1 

42 

40.6 

40 

36 

43  J8 

4a 

From  the  above  table  it  is  seen  that  the  control  was 
elightty  weakened  for  Mondays  rather  than  strengthened  ;  a 
marked  difference  is  shown  between  two  Saturdays  and  the 
following  Mondays,  during  a  period  of  overwork,  resalting  in 
a  week's  illness : 


Saturdays. 

Uondays. 

o   . 

a 

li 

3       n 
0      «« 

i 

9* 

i 

!l 

37 

3S.5 

37.5 

3O.5I34.5 

37 

\^ 

33.76 

39.5 

39.0 

30 

30.6 

33 

P5 

37 

35 

35 

36.5  34.5 

lU 

i! 

P3 

40^ 

36 

38.5 

33 

111 

ni 

These  observations  are  recorded  merely  from  their  sugges- 
tiveness. 
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AlthoDgh  we  have  subjective  evidence  of  varying  degrees 
of  mental  activity  we  have  very  few  methods  of  accarately 
estimating  its  condition.  The  fact  that  central  activity  is  ac- 
companied with  the  power  to  make  rapid  voluntai*y  move- 
ments snggesta  that  the  rate  at  which  voluntary  movements 
can  be  made,  may  be  taken  as  something  of  an  index  to  cen- 
tral ncrvona  activity.  The  following  facts  may  be  stated  as 
the  chief  results  of  this  research : 

1.  The  apparatus  described  furnishes  a  convenient  and 
accurate  metiiod  of  recording  and  counting  rapid  voluntary 
movements. 

2.  The  normal  rate  for  the  most  rapid  voluntary  move- 
ments of  the  right  wrist  was  found  to  average  S.5  taps  per 
second. 

3.  Daring  the  work  a  daily  rhythm  was  developed  with 
the%lowest  rate  at  8  a.  m.,  and  the  most  rapid  at  4  p.  m. 

4.  A  vigorous  walk  decreases  the  rate  for  rapid  voluntary 
movements  of  the  wrist. 

6.  Increased  central  activity  favors  increased  rapidity  for 
TOluntary  movements. 


EXPERIMENTAL  RESEARCH   UPON    THE  PHENOM- 
ENA   OF    ATTENTION. 


Bv  James  R.  Akoell  akd  Artbur  B.  Piercb. 


These  experiments  have  been  carried  on  in  the  Harvard 
Laboratory  with  llie  purpose  of  discovering;;  the  eorre<'t  inter- 
pretation of  some  curions  results  first  obtained  by  Prof. 
Wundt  in  the  study  of  attention.  Prof.  James  and  Prof. 
Wandt  difier  in  their  explanation  of  the  facts  and  we  have 
attempted  to  ascertain  which,  if  either,  was  ripht.  We  have 
come  to  a  conclusion  differiog  from  both,  which  we  ventare 
to  offer  with  some  assurance  that  our  results  will  bear  the 
test  of  veri0cation  by  other  observers.  At  the  outset  we 
shall  state  briefly  the  conditions  of  the  exi>eriraents  as  con- 
ducted by  Wundt  and  the  explanations  adduced  by  him  and 
by  Prof.  James. 

The  essential  question  is  whether  we  can  Interpret  as  simul- 
taneous two  or  more  disparate  simnltaneous  sensations,  and 
if  not,  how  to  explain  our  errors.  For  example,  as  Wuadt 
conducted  the  experiment,  the  observer  is  seated  before  a 
graduated  dial  over  which  moves  a  pointer  like  tlie  minute 
hand  of  a  clock.  The  hand  does  not  make  continuous  revo- 
lutions, but  vibrat<?8  back  and  forth,  each  vibration  traversing 
a  trifle  less  than  a  ciitJumfereuce.  A  mechanical  device 
enables  a  bell  to  l)e  rung  at  adjustable  positions  of  the  pointer, 
and  the  subject  is  nifjuired  to  fix  the  location  of  the  hand 
when  the  sound  is  heai-d.  The  experiment  can  be  complica- 
ted, as  was  done  by  von  Tschisch,  through  adding  electric 
and  tactile  stimuli,  but  his  results  from  these  variations  show 
no  essentially  new  factors  and  are  easily  explicable  under  oar 
hypothesis.  Furthermore  the  fundamental  conditions  are  all 
Ijresent  in  the  simpler  form,  so  we  shall  hereafter  deal  with 
that  alone.  Now^Wundt,.  found  three  classes  of  results. 
First,  correct  resiilU,  when  the  sound  was  heard  at  the 
position  of  the  pointer  where  it  actually  occurred. 
Second,  positive  displacements^  when  the  sound  was  heard  at 
a  position  of  the  pointer  after  it  had  passed  (.he  real  place. 
Third,  mftjadve  dinplactments,  when  the  pound  was  heard 
before  the  pointer  had  come  to  the  real  place.     When   the 
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revolutions  occurred  onoe  in  aseoond  he  fonnd  the  errors  least 
frequent.  When  the  rate  was  faster  positive  errors  pl^- 
(lominatedt  when  slower,  negative.  Wuudt  has  very  pro- 
perly emphasized  the  peculiarities  of  different  individuals 
and  the  differences  in  the  same  individual  at  different  times. 
In  this  we  heartily  agree  with  him  and  it  is  no  part  of  our 
purpose  to  question  any  results  be  has  attained.  But  his 
explanation  strikcH  us  as  faulty.  He  would  account  for  all 
tlie  variations  by  the  peculiar  laws  of  the  ripening  of  apper- 
ception. Thus  he  asHuraes  that  the  apperception  keeps 
periodi(nlly  ripening;  after  each  stroke  of  the  bell  in  anticipa- 
tion of  the  next  stroke.  It  may  ripen  more  slowly  or  more 
rapidly  than  the  occurrence  of  the  strokes.  If  faster,  then  the 
sound  is  heard  too  soon.  If  slower,  it  is  heard  too  late.  In 
any  event  the  position  of  the  index  at  which  it  is  heard  is 
identified  as  the  correct  one,  and  this  is  obviously  determined 
by  the  rate  of  ripening  peculiar  to  the  individnal.  A  woi*d 
should  be  said  at  this  point  in  explanation  of  Wundt^s  actual 
procedure  in  an  experiment.  He  always  finds  a  single  revo- 
lution of  the  pointer  insufficient  to  locate  the  position  at 
which  the  sound  occurs.  The  motion  must  continue  for  a 
auflicieut  length  of  time  to  allow  the  sounds  to  form  a  i-egular 
Herie.s.  A  certain  region  of  the  dial  is  then  perceived  as  the 
general  location,  and  individual  points  in  this  region  are  then 
selected  until  the  mind  is  satisfied.^ 

The  general  nature  of  Prof.  James's  criticism  will  appear 
from  the  following  qaotation  from  bis  comments  on  this 
subject  (Prin.  Psych,  page  415,  Vol.  I.):  **Tho  Iwll  or 
other  signal  gives  a  momentary  sensation,  the  index  a  con- 
tinuous one,  of  motion.  To  note  any  one  prjjtifirm  of  the  latter 
is  to  interrupt  this  sensation  of  motion  and  substitute  an 
entirely  different  percept. — one,  namely,  of  position — for  It 
during  a  time  however  brief.  This  involves  a  sudden  change 
in  the  manner  of  attending  to  the  revolutions  of  the  index ; 
which  change  f>wjht  to  take  place  neither  sooner  nor  later 
than  the  momentary  impi-ession,  and  jix  the  index  as  it  ift 
then  and  there  visible.  Now  this  is  not  a  cane  of  simply 
getting  two  sensations  at  once  and  so  fooling  them — which 
would  be  an  harmonious  act;  but  of  stoppimj  one  and  chang- 
ing it  into  anotlicr  (i.  e.  exeiiiuiging  one  for  another)  whilst 
we  simultaneously  get  a  thjnl.  Two  of  these  acts  are  discre- 
pant, and  the  whole  three  rather  interfere  with  each  other. 
It  becomes  bar<l  to  '  fix  ^  the  index  at  the  very  instant  that  we 


'  For  a  fuller  account  of  the  mutter  »o«  Pliywlol.  l*<vi*h.  2tid  td.  Tl 
3M-6,  37^-4;    3rd  ed.  II. ;{;»);    I'hllos.  dludleu,  tU  Gufff.    Alio  l*r 
JaiDM^A  Psychol.  I.  410  ff. 
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catch  the  momentary  impression  ;  bo  we  fall  into  a  way  of 
fixing  It  either  at  the  last  poHsibte  moment  before,  or  at  the 
first  possible  moment  aft«r,  the  imprcHsion  comes.  This  at 
least  seems  to  me  the  more  probable  state  of  affairs.  If  we 
fix  the  index  before  the  impression  really  comes,  that  meane 
that  we  perceive  it  too  late.  But  why  do  we  fix  it  before 
when  the  impressions  come  slow  nnd  simple,  and  af(er  when  ' 
they  come  rapid  and  complex  t  And  why  under  certain  con- 
ditions is  there  no  displacement  at  all  T  The  answer  which 
etipgests  itiieU  is  that  when  there  is  just  enonjrh  leisure  be- 
twt*en  thfi  impri'HHions  for  the  attention  to  adapt  itself  com- 
fortably both  to  them  and  the  index  (one  second  in  Wundt's 
experiments),  it  carries  on  the  two  prooesses  at  once;  when 
the  leisnre  is  excessivCi  the  attention,  following  its  own  laws 
of  ripening,  and  being  readf/  to  note  the  index  before  the 
other  impression  comes,  notes  it  Men,  since  that  is  the 
moment  of  easiest  action,  whilst  the  impression,  which  comes 
a  moment  later,  interferes  with  notini;  it  again ;  and  finally, 
that  when  the  leisure  is  insufficient,  the  momentary  impres- 
sions, being  the  more  fixed  data,  are  atteudud  to  first  and  the 
index  is  fixed  a  little  later  on.  The  notinj;  of  the  index  at 
too  early  a  moment  would  be  tJie  noting  of  a  real  fact,  with 

its  analogue  in  many  other  rhythmical  experiences 

Wnndt's  explanation  (if  I  understand  it)  of  the  ex]>eriments 
requires  us  to  believe  that  an  observer  ....  shall  steadily 
and  without  exception  get  an  hallacination  of  a  bell-stroke 
before  the  latter  occurs,  and  iwt  hear  the  real  bell-nh^ke  after- 
wardi*.  I  doubt  whether  this  is  possible,  and  I  can  think  of 
no  analogue  to  it  in  the  rest  of  our  experience," 

It  is  no  part  of  our  purpose  to  follow  ont  the  differences  of 
opinion  merely  as  such  which  exist  Iwlween  Professor* 
Wundt  and  James  concerning  this  matter.  We  trust  the 
above  statement  has  made  their  respective  positions  rJear 
while  bringing  out  the  exact  nature  of  the  experiment  and  the 
point*  at  issue.  We  believe  that  there  is  truth  in  the  explan- 
atioiiH  of  1>oth,  but  our  criticism  is  that  neither  at  all  suffices 
to  exhaust  the  problem,  which  proves  to  be  much  more  com- 
plicated than  one  could  possibly  suppose  from  the  mere  read- 
iuK  of  an  account.  Wundt  has  justly  remarked  that  the  re- 
search retjuires  years  of  experimentation  before  adequate  con- 
clusions i-an  be  reached.  And  yet  this  is  not  wholly  trne. 
Wnndt  has  worked  many  years  on  the  subject  himKelf,  but 
bis  main  interest  has  apparently  l>ccn  to  obtain  a  sufiiclently 
large  numt)er  of  results  to  justify  comprehensive  and  exhaust- 
ive inductions.  So  far  so  good.  We  are,  however,  unable 
to  see  that  careful  experimentation  covering  a  much  shorter 
period  is  necessarily  imcompetent  to  isolate  with  considerable 
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accnracy  the  essential  psyciiolopoal  processes  involved.  We 
think  Herr  Wundt  has  overlookiMl  Home  very  important 
factors  and  it  is  on  this  account  that  we  venture  to  offer  our 
concluHious.  By  no  raeauH  would  we  on  any  other  jp-ound 
oppoHe  our  experiments,  which  are  only  uumt>ered  by 
bandreds,  to  his,  which  must  monnt  into  thousands. 

In  front  of  the  dial  of  our  apparatus  revolved  a  pointer^ 
carrying  at  the  back  a  wire,  bent  so  as  to  sweep  through  a 
movable  cnp  of  mercury  at  the  rear  of  the  dial,  thus  complet- 
ing an  electric  circuit  which  passed  through  a  telegraph 
sounder,  the  latter  giving  a  loud  click  whenever  the  circuit 
was  closed. 

Vartoos  reaaoon  led  ui  to  abandoa  Waodt'a  machloe.  The  Rpectmoa 
at  our  di^poml  was  faultily  ooDgtrQct«d  in  MTeral  parttcaUri  snd  ac- 
curate experimenliittoD  with  it  ^e^nied  Hlmoflt  Impoaslble.  Id  addltloa 
to  this,  tiie  noiw  made  by  the  clock  work,  which  was  the  motor  power, 
waH  very  dUtractlag  to  toe  ob^ener  and  we  felt  sure  it  must  vitiate  the 
malts.  The  prlodple  of  the  peadulam  seems  to  as  uDturtuoate  to 
this  experiment,  becaofle  the  pointer  surls  from  perfect  quiet,  more* 
rapidly  faster  and  then  ilows  up  to  quiet  again,  thus  iQlroduclnfc  a  con- 
stantly chaoglox  rate  of  motion.  Mont  objectionable  of  ail  was  the  beli. 
The  vibrations  of  course  last  some  time,  and  the  aouud  of  the  actual 
stroke  becomes  ao  blended  with  this  after-tone  that  the  difficulties  of 
Identlfylag  th*  Btroka  with  any  one  position  of  the  pointer  are  vastly 
Increased.  Aa  aClempt  was  therefore  made  to  euDtiruct  a  machine 
which  should  poetess  the  foltowluf^  qnahficatlons:  first,  lack  of  dis- 
tracting noises;  saoood,  aiiiformlty  and  steadiness  of  motion  In  the 
rotating  pointer;  third,  an  Incoming  sound  which  should  be  short 
and  flat. 

The  motor  power  which  appeared  most  convenient  and  reliable  waa 
an  ordinary  kyiuot^niph.  To  bo  sure,  this  is  not  a  noiseless  Instrument, 
owing  to  the  whir  of  the  governor,  but  the  noise  Is  by  no  means  of  the 
nature  of  a  disturbing  click  and  we  have  had  no  complaint  of  disturb- 
ance fn>m  this  source  on  the  pare  of  any  of  our  subjects.  Of  coarse 
the  ideal  motor  would  be  noiseless.  The  motion  was  transmitted  from 
the  drum  of  the  kymograph  to  the  pointer-shaft  by  means  of  a  belt  of 
^Inch  webbine.  As  an  upright  to  support  the  poluter  a  Bradley  color- 
wheel  wa«  uililzeil,  the  pointer  )>cing  set  on  the  ^haft  in  the  place 
usually  occupied  by  the  color  disc.  The  pointer,  made  of  tliin,  light 
wood,  gouged  on  tlie  back  to  reduce  the  weight  ftft  much  as  possible, 
was  63  cm.  In  length,  the  tapering  end  having  a  length  of  47  cm.  from 
the  center  of  the  shaft.  PIcoee  of  sheet-copper  were  fastened  to  the 
upper  end  to  secure  an  accurate  balance  and  tests  were  made  occaslon- 
aUr  daring  the  observatloos  to  ascertain  If  the  equilibrium  was  perfect. 

A  dial  was  made  of  heavy  pasteboard  held  upright  by  small  wooden 
ivpports  at  each  end,  wUch  were  snnk  into  a  striii  of  wood;  aa  shown  In 


the  accompanying  dgure.    The  cndnainxi  ^f  tbt*  dial  and  tl 
log  should  be  as  uniform  as  possible  lo  orier  that  so  one  i 
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preMDt  u)7  greater  Intereit  than  aDother.    The  alighteBt  thing  U  iuffi- 
dent  to  divert  atteotloD  and  so  vitiate  resulta. 

A»  th«  llfEure  shows,  the  dial  was  only  a  portion  of  a  olroamfereooe. 
The  Inner  edge  of  the  dial  was  43  cm.  from  the  center,  lO  the  eiufn 
Inuer  circumference  would  huve  been  370.1H  cm.  in  length.  The  avail- 
able portion  o(  the  scale  wstt  47  cm.  long— a  little  more  than  ^  the  eotEre 
clrcomfereDce.  This,  however,  was  deemed  long  enough,  aa  it  gave 
condiderable  range  to  rlaton  without  requiring  any  rotation  of  the  head 
and  nincb  less  or  the  eye-tMUls  than  would  have  been  neceuary  with  « 
larger  portion  of  the  circa mference, 

'lo  Rccurc  the  8hort,  flat  sound  so  desirable  we  employed  an  electric 
telegrapli  sounder.  At  the  back  of  the  dial  and  separated  from  it  by 
the  width  of  its  wooden  supports  waa  fastened  a  braaa  rod  of  aboat  3 
mm.  diameter  and  of  the  same  curvature  aa  the  dial  Itacif,  On  thla  rvi 
a  carrlHge  be-aring  a  cup  of  mercury.  Down  the  back  of  the  pointer 
from  the  ohnft  on  whlun  it  rotated  ran  a  wire  which,  sweeping  tnroojrti 
the  mercury,  completed  the  circuit  passing  through  the  key.  'I^e 
carriage  waa  constructed  aa  follows :  upou  a  ftmal)  wooden  blook  ihrongh 
whkh  the  curved  brass  rod  passed  was  fastened  a  tmall  wire-coupler  or 
binding  screw.  To  the  head  of  the  screw  a  bit  of  glaaa  tubing  6  mm. 
bore  wa»  secured  by  means  of  »e«ting  vras.  Thta  uibe  contamed  the 
mercury.  A  small  braaa  wire  from  the  metnlHc  part  of  the  curUge  waa 
wound  several  times  around  the  rod  on  which  the  carriage  traveled, 
thus  making  an  electric  connection  between  the  rod  and  mercury.  TTie 
tenttlon  of  the  wood  upon  the  rod  waa  suillclent  to  hold  the  carriage 
Bteadily  in  whatever  pofiitlon  it  was  put,  and  at  the  aame  time  not 
enough  to  prevent  an  eany  movement  from  place  to  place.  The  whole 
of  the  metallic  portion  of  the  carriage  could  be  rotated  allgbtly  In  a 

filane  parallel  to  the  dial  and  the  mercury  cup  could  be  ralaed  or 
owerea  by  the  screw  on  which  It  was  fastenea,  thus  rendering  any 
necessary  adjustment  eaay  and  rapid.  The  carriage,  with  all  that  per- 
tained to  It,  waa  wbollr  concealea  from  the  view  of  the  observer,  wbom 
eyes  were  on  a  level  with  the  dial. 

The  light  brass  wire  running  down  the  back  of  the  pointer  waa  bent 
Dear  the  top  of  the  latter,  as  the  accompanying  diagram  shows. 


-uH 


Croat  back 


~)    wire 


So  that  while  the  pointer  revolved  in  front  of  the  dlal-scale  the  end  of 
the  wire  swept  through  the  meniscus  of  the  mercury  behind  the  dial.  A 
LeclHncht'  battery  gave  entire  ftatiflfaction  throughout.  The  circuit  waa 
as  follows :  From  one  pole  of  the  battery  through  the  curved  brass  rod 
to  the  mercury;  thence,  when  the  pointer  completed  the  circuit  by 
•weeping  the  mercury,  up  the  pointer  to  the  metal  shafts  on  which  rested 
a  platinum  wire  connected  with  the  key,  and  so  back  to  the  other  pole 
of  the  battery.  Wlienever  the  circuit  waa  closed  the  key  gave  a  sharp 
click. 

The  dial  was  divided  into  spaces  of  about  a  centimeter  In  length,  num- 
bered from  left  to  right.  The  outer  gauge  of  the  kymograph  and  the 
Internal  changes  of  gearing  made  a  large  number  of  rates  possible,  but 
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we  selActed  certain  oneo  for  the  sake  of  unlformUy  to  represflDt  slow, 
medium  and  mitld  uioveinent.  'I'hfi  Lime  of  Foutiou  ai  these  various 
ratet  was  carefully  aaceriaiued  by  Di«aDs  of  a  tuetrouome  with  the 
foUowlDg  results : 

Slow  rate — One  revolation  In  0.06  seconds.    Outer  gauge  at  15.    Ix}wer 

wheel  of   kymograph  la    gear,   wltti  upper    morable 

wheel  lu  Its  uilddle  position. 
Medium  rate — One  revolucioD  In  3.6  seconds.    3ame  geirlDg  as  above 

with  gauge  at  30. 
Fast  rate— One  revolution  In  1.3  Beconds.    I,ower  wheel  out  of  gear, 

and  upper  wheel  at  extreme  left,  I.  e.,  toward  Giuer 

wall  of  case.     Gauge  at  30. 

The  time  occupied  bv  the  pointer  In  croaslDg  a  single  space  was 
accordingly  .0-il9  sec.,  .^152  Bee.,  ,0043  sec,,  respectively  for  the  dUTerent 
rates. 

With  these  prelimiDary  conaiderations  we  are  now  ready  to 
consider  our  method  of  procedure  and  results.  We  may 
aay  at  oooe  that  we  meet  the  same  facts  as  Wundt,  i.  e., 
correct  results,  positive  errors  and  negative  errors,  though 
the  ratio  existing  between  the  two  sorts  of  errors  does  not 
correspond,  nor  yet  the  conditions  under  which  they  are 
found  appearing.  This,  however,  does  not  alter  the  fact  that 
we  hare  identical  cases  t-o  explain.  A  word  or  two  describ- 
ing the  modus  operandi  of  a  typical  experiment  will  serve  to 
clear  np  future  explanation.  Our  usage  has  l>een  this — to 
follow  the  pointer  on  its  first  revolution  nntU  the  sound  ia 
heard,  when  we  attempt  to  stop  Uie  movements  of  the  eyes 
instantaneously.  The  point  on  the  dial  thns  attained  is  made 
the  basis  of  observation  for  the  next  revolution  when  any 
seemingly  needed  correction  is  made ;  to  the  right,  if  the 
sound  seems  to  occur  after  the  pointer  has  passed  the  given 
point;  to  the  left,  if  before.  But  now  in  this  very  process  of 
correction  enters  in  a  double  process  which  neither  of  us 
observed  at  the  outset,  though  it  was  later  seen  to  play  a 
great  part.  Fortunately  it  subjects  itself  with  some  readiness 
to  independent  experiment.  What  seems  at  first  a  bore 
attempt  to  get  a  coincidence  of  the  sound  with  a  certain  posfe^ 
tion  of  the  ]>ointer  proves  on  more  atrute  observation  to  lie  a 
viliratory  process  in  which  attention  is  primarily  directed  in 
alteration  now  to  the  visual  factor  and  now  to  the  auditory. 
Thus  our  natural  method  seemed  to  be  to  pick  out  an 
approximate  point  on  the  dial  and  then  watch  for  its  obliter- 
ation by  the  revolving  pointer.  Immediately  it  was  obliter- 
ated, the  attention  was  turned  to  the  sound  to  determino 
whether  it  had  occurred  or  not.  By  repeating  this  process 
and  making  ni^ed  corrections,  a  point  was  attained  on  * 
dial  which  seemed  to  minimize  the  interval  behreen  the  • 
and  the  sight  of  the  pointer  obliterating   the  ai>ot.     V 
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*  *  minimize ' '  advisedly,  because  we  early  discovered  how  easily 
one  can  be  deceived  into  lielieving  a  i>oint  qnite  remote  from 
the  oorre<?t  one  to  be  the  ri^ht  one.  We  could  not  discover 
that  there  was  any  greater  feeling  of  snrety  when  a  correct 
result  was  obtained  than  when  an  erroneoas  one.  The  two 
Bensations  seem  to  be  essentially  simaltaneous  and  yet  there 
is  seldom  any  feeling  of  security.  But  in  the  method  just 
described  the  obvious  attempt  was  to  make  the  visual  element 
fundamental  and  then  to  hitch  on  the  auditory.  We  were 
trying  to  attend  to  the  sound  a/ter  we  had  gotten  a  certain 
sensation  of  sight.  Farther  introspection  showed  •  '  how- 
ever genuine  was  our  attempt  thus  to  exalt  the  vis  :.-ctor, 
the  trnth  really  was  that  attention  vibrated  and  sometimes  the 
sight,  sometimes  the  sound,  waa  made  fundamental.  If  we 
may  be  allowed  a  homely  metaphor,  now  one  element,  now 
the  other,  served  as  hitching  post.  Before  going  on  to  dis- 
cuss the  varying  resnlts  we  may  mention  a  fact  which  seemed 
to  modify  the  above  metho<l  in  a  measure.  One  of  ua  noticed 
a  strong  sense  of  rhythm  from  the  sounds.  This  was  observed 
expressing  itaelf  in  more  or  less  unconscions  muscular  con- 
tractions and  movements,  snch  as  the  nodding  of  the  head, 
the  beating  of  the  fingers,  etc.  This  naturally  suggeets 
Wundt's  ripening  of  api>erception.  \VTiat  part,  this  plays  in 
the  results  will  be  reinarkwl  later  on.  Though  we  lay  no 
stress  on  this  portion  of  our  work,  it  may  be  fair  to  state  that 
the  readings  which  we  have  obtained  from  first  revolutions 
show  almost  without  exception  positive  errors.  The  first 
twenty-five  final  readings  of  each  new  subject  generally  show 
a  predominance  of  negative  errors  and  then  the  positive 
errors  come  rapidly  to  the  front.  So  that  differing  from 
Wnndt  we  find  a  preponderant^e  of  positive  errore.  Pnrther- 
more  we  have  been  unable  to  detect  any  constant  infiaeuce 
upon  the  character  of  the  errors  due  to  alterations  of  speed. 
We  have  made  this  test  on  the  Wnndt  maciiine  as  well  as  our 


^  own,  nsing  the  extremes  of  speed. 


Now  let  us  turn  our  attention  to  the  explanation  of  positive 
errors  in  which  the  sound  is  identified  with  a  position  of  the 
pointer  beyond  the  place  where  the  sound  has  occurred.  This 
is  the  error  which  common  sense  would  assume  as  natural. 
In  the  cases  where  we  obtain  a  reading  from  the  first  revolu- 
tion of  the  pointer,  the  positive  error  is  easily  explained  aa  a 
dragging  of  the  eyes  by  the  moving  pointer.  It  amounts  here 
to  a  simple  reactive  experiment.  The  positive  error  is  ex- 
plained by  the  time  consumed  in  transforming  the  incoming 
auditory  sensation  into  a  motor  act^  which  is  in  this  case  the 
stopping  of  the  eyes.  When  the  eyes  have  actually  stopped, 
time  has  therefore  elapsed  and  the  pointer  having  passed  on 


* 


Is  thm  read  too  far  to  the  right.  The  positive  error  made 
alter  deliberation  and  also  after  long  practice  requires  further 
explanation.  If  we  represent  the  auditory  and  visual  elements 
by  their  initial  letters,  we  may  express  the  vibrations  which 
we  find  oi^urrinjr  in  this  way — irither  V — A — V  or  simply 
A — Vi  In  the  tirst  case  attention  is  direct«l  to  the  dial, 
watoliing  for  the  obliteration  of  the  8elect«d  spot  by  the 
I>oiiiber,  Suddenly  it  is  shifted  to  catch  the  Konnd,  and  this 
onurrin^  at  once,  or  a  mom'M''  tor,  the  attention  is  shifted 
back  again  to  the  pointer,  ul  ivti  is  now  naturally  a  trifle 
beyoDctthe  actual  point  of  connection.  In  the  second  case, 
A — V,  the  first  step  in  the  above  process  is  omitted.  Indeed, 
it  may  be  disregarded  in  any  event,  as  the  last  vibration  is 
the  one  affecting  the  resnit  and  giving  a  positive  error.  When 
the  great  ease  with  which  attention  fatigues  is  reni(finl)ered, 
the  basis  of  this  exjilauntion  will  be  seen  to  have  great 
strength,  and  actual  experiment  will  add  to  its  power.  To 
prove  the  matter  conclusively  we  made  a  numl)er  of  experi- 
ments in  which  the  sound  was  purposely  made  the  primary 
element,  to  which  wo  then  tried  to  attach  the  sight  of  a  given 
position  of  the  pointer,  that  is,  a  position  selected  by  the 
experimenter  as  approximate.  AU  the  errors  under  these 
conditions  were  positive  and  many  of  them  very  large.  <  Snch 
an  arrangement  makes  the  experiment  essentially  one  of 
reaction,  though  an  apperceptive  reaction,  and  the  positive 
error  is  amply  provided  for  under  the  necessity  of  a  certain 
lapse  of  time  re^piisite  for  the  sound  to  be  registered  in  the 
brain  and  then  identified  as  simnltaneous  with  a  given  posi- 
tion of  the  pointer.  It  may  be  objected  that  this  is  an  essen- 
tial alteration  of  the  real  exi>eriment.  To  this  we  in  a  manner 
assent,  simply  insisting  that  the  experiment  is  of  snch  nature 
M  to  assume  of  itself  Just  this  (among  others)  nnexpected 
form.  What  we  have  done  is  by  no  means  to  arrange  arti- 
ficial variations,  but  simply  to  observe  the  metamorphoses 
undergone  by  the  experiment  itself.  It  was  not  without  rea- 
son that  we  remarked  at  tlie  outlet  the  exceeding  complexity 
of  the  problem.     Occasional  positive  errors,  like  occasional 

'Conflrmatory  of  this  are  tb«  r«flalt«  of  voii  Tftcht«ch,  who  found  th« 
erron  becoming  poalUre  when  other  lol«rrupllnj(  ienMClona — »  tactile 
and  electric — were  added  to  »oaDd.    Tbe  Dumber  and  dlaparate  (juallCy 
of  tbe  lnt4«rrupUng  Koiiatloa*  pomteaavd  strong  Intarwtt^  and  tlf  form  of 
vIbratloD,  repretentod  as  A— V,  oocarrwS  only  attar  the  atl^ation   had 
dwelt  for  a  Ume  on  the  combtnod  tMiMCICHia  bSftfroncMd  utubtr  A. 
FurthertDore,  tbe  greater  Inherent  InCMWt  of  tUa  ooa 
ai  compared  with  tbe  dial  and  polntrr,  would  tcrod  to 
in  antldpalton  of  thesn  combined  aenaatloM  sad  ao  i 
ai  voD  iWitKb  did,  a  prrponderatiee  of  reaalCs  In 
TibratiOD  occara,  thai  produclug  positive  erron. 
I 
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nogative  <?rrorR,  are  doubtless  to  be  explained  as  dne  to  the 
arbitrary  and  inexplicable  fascination  of  tbe  aUentiou  by  some 
one  8iK)t  on  the  dial  which  the  obwer^'er  then  tend«  strongly 
to  regard  an  the  correct  one.  TbeHc  freaks  of  attention,  based 
on  the  Tinaccountable  interest  felt  in  infinitesimal  diBei*euoeA 
of  objects,  must  be  assumed  as  constant.  The  positive  errors, 
then,  attained  from  readings  of  first  revolutions  are  explicable 
on  the  UisiK  of  time  consumed  in  mere  reaction.  Those 
occurring  in  later  readings  are  also  due  to  the  lapse  of  time 
involved  in  an  apperreptive  reaction.  In  Hhort,  attention 
vibrates,  and  this  vibnition  may  be  of  sufiicieut  strength  to 
overjwwer  the  factors  at  work  in  negative  errors  and  so  by 
the  time  consumed  in  the  process  produce  positive  errors. 

We  must  next  consider  negative  errors.  It  will  be  recalled 
that  wc  mentioned  the  fact  that  in  our  eiperimentfl  nega- 
tive errors  predominated  during  the  first  twenty-five  re- 
sults, and  from  that  time  on  positive  errors  constituted 
a  large  majority.  In  one  case  the  first  twenty-five  results 
Tvere  all  negative  errors,  while  in  the  ensuing  handred  and 
twenty-five  only  three  negative  errors  occurred.  We  may 
state  at  once  that  we  consider  the  faetor  ortlinarily  most  effica- 
cious in  producing  negative  results  to  be  unconscious,  or  in- 
voluntary, over-correction,  which  we  shall  proceed  to  eluci- 
date. Experience  teaches  mankind  that  in  the  case  of  moving 
objects,  similar  to  the  ]>ointer,  the  attempt  to  atop  the  eyes 
from  following  has  generally  resulted  in  their  being  carried 
along  a  little  beyond  tbe  point  desired,  and  we  have  become 
accu8tome<l  to  rectifying  this  mistake.  What  was  once  a  con- 
scious effort  has  now  through  psychic  education  Iwcome  i>ra<*ti- 
cally  automatic.  Instances  of  education  of  this  jrenera!  type 
are  common  enough.  Learning  to  shoot  on  the  wing,  cat<'biug 
or  batting  a  ball  are  excellent  illustrations.  Hut  it  is  still  com- 
petent for  some  one  to  object  that  this  does  not  explain 
enough.  It  may  explain  why,  after  the  eye  has  left  the  pointer, 
it  should  swing  back  to  the  left,  but  not  why  there  should 
eveu  then  necessarily  \ye  a  negative  error.  Why  does  not  the 
eye  stop  at  the  right  of  the  correct  point  and  so  give  a  positive 
error!  To  this  we  reply  that  the  s^H^cial  rate  of  motion  mani- 
fested by  the  pointer  introduces  an  essentially  new  psychic, 
as  well  as  physiological,  factor.  M'hat  we  uieun  is  that 
rafes  of  motion  as  we  experience  them  in  life  are  so  exceed- 
ingly various  as  to  render  accurate  acquaintance  with  any  of 
the  faster  forms,  such  as  we  deal  with  in  this  experiment, 
quite  improbable.  Thus  the  subject,  when  first  experimented 
upon,  is  really  encountering  a  unique  set  of  experiences  to 
which  he  has  not  yet  learned  to  accommodate  himself.  We 
think  that  what  happens  physiologically  (and  so  explaining 


the  negative  error)  is  Uiis  :  there  occurs  a  too  complete  relax- 
atioD  of  tlie  ocnlar  muscles  involved  in  making  tbo  oye  fol- 
low the  pointer,  conpled  with  a  spaamodic — and  thus  too 
severe — contraction  of  the  reversing  muscles.  It  is  in  tmth 
an  illustration  of  the  difficulties  encountered  in  the  accommo- 
dation of  an  organism  to  a  new  environment.  The  case  is 
perfectly  analogous  to  the  attempt  to  catch  a  falling  goblet  or 
vase,  where  one  almost  invariably  Hi»reads  disaster  through 
the  spasmodic  nature  of  his  effort.  Again  it  may  be  objected 
that  while  our  explanation  so  far  may  hold  good  for  the  cases 
of  fii-st  revolutions  when  the  eyes  are  obviously  foUowiug  the 
pointer,  it  is  considered  fallacious  as  accounting  for  negative 
errors  in  later  cases  conducted  as  we  have  described,  i.  e.,  by 
watching  for  the  obliteration  of  a  given  point  by  the  pointer. 
The  objection  has  only  slight  importance,  because,  no  matter 
how  intently  the  gaze  be  fixed  on  the  dial,  it  is  practically  im- 
possible to  prevent  a  slight  vibratory  movement  of  the  eyes 
when  the  pointer  passes,  and  the  spasmodic  motion  is  only 
rechuMHl  in  power,  but  by  no  means  eliminated.  In  any  event 
this  is  not  the  whole  story  about  negative  errors.  Wo  are, 
however,  convinced  that  this  unconscious  over-correctioa 
plays  a  vei-y  large  part  In  the  production  of  these  errors. 
In  terms  of  our  vibration  formula  this  process  wonld  bo  ex- 
presswl  as  V — A — V-\-  unconscious  over-correction. 

But  the  negative  error  may  be  produced  iu  another  way.  Sup- 
pose, on  a  dial  graduated  and  numt>ered  like  ours  from 
1  to  12,  the  space  between  5  and  7  had  been  settled  on  by  the 
observer  as  the  general  rtjgion  in  which  the  sound  occnri-ed. 
As  the  pointer  comes  round  and  gets  to  5,  the  attention, 
which  hiis  just  previously  t)een  concentntted  on  the  visual 
factor,  is  instantly  shifted  to  the  auditory,  and  if  tliat  occurs 
in  quick  sequence  the  mind  feels  satisfled  that  the  two  have  oc- 
curred simiUtaueously.  Attention  is  iu  this  ca.He  not  shifttHl 
back  to  the  visual  element.  The  vibration  is  expressed 
ae  V — A.  Apperception  time  doubtless  plays  a  part  here 
again,  bat  while  it  enters  in  to  cause  error,  it  has  of  itself 
no  especial  preference  for  either  kind  of  error  so  far  as  we 
know.  A  variation  which  we  have  next  to  notice  may  be 
wrongly  charged  to  apperception »  but  we  n:i>cat,  we  know  of 
no  facts  tending  to  show  wif/i  ant/  concluAivent»s  that  the  ap- 
jierception  time  of  sonnd  in  either  longer  or  shorter  than  that 
of  sight. 

Ou  the  other  hand  there  is  experimental  ground  for  believ- 
ing that  the  photo-chemical  process  iu  the  retina  coDnamci  *» 
appreciably  longer  time  than  the  vibratory  prooeM 
cochlea,  so  that  sight  is  a  slower  affair  than  heaHng 
gives  the  ear  an  advantage  of  .049  see.     Now  at  the 
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rate  employed  by  us  the  pointer  traversed  one  space  in 
,0219  see.  Therefore  tJie  .049  sec,  by  which  the  eye  ia 
slower  than  the  ear,  is  e<iniva!ent  to  more  than  two  spsces 
traversed  by  the  pointer.  We  are  inclined  to  regard  these 
particnlar  fijnires  as  pi-ovisional  and  subject  to  alteration  un- 
der more  extended  experimentation,  but  it  may  be  accepted 
as  proven  tiat  sight  requires  longer  than  hearing  and  enough 
longer  to  play  no  inconsiderable  part  in  this  experiment. 
Obviously  the  effect  of  this  fact  would  be  to  cause  negative 
errors,  for,  to  take  an  example,  when  the  pointer  was  seen  at 
6^  (6  and  two  spaces)  it  would  really  be  at  7,  and  if  the  cor- 
rection was  made  at  7  the  sound  would  be  identified  with  the 
position  6J  rather  than  7,  thongh  the  time  consumed  in  trans- 
mitting the  auditory  sensation  would  throw  the  reading 
slightly  forward  toward  7.  But  it  is  clear  that  the  effect  of  this 
condition  of  things  must  be  overpowered  oocasionally  by  the 
processes  mentioned  in  our  discussion  of  positive  errors,  other- 
wise we  should  continaally  get  negative  results.  Aside  from 
our  experiments,  which  point  strongly  to  the  fact,  there  is 
good  a  prion  ground  for  supposing  that  experience  teaches 
us  to  make  correcting  judgments  te  compensate  for  these  dis- 
crepancies among  our  senses,  so  that  the  gradual  disappear- 
ance of  negative  errors  under  practice  is  what  we  should  ex- 
pect, Wandt's  results  to  the  contrary  notwithstanding.  It 
should  l)e  understood  that  this  transition  to  positive  from 
negative  errors  occurs  without  the  subject  being  informed  of 
the  nature  of  his  errors,  indeed  without  his  knowing  whether 
he  is  making  any  errors  at  all.  It  seems  to  l>e  a  result  of 
finer  powers  of  discrimination  and  attention  resulting  merely 
from  pi-a<'tioe.  It  seems  highly  probable,  then,  that  when  a 
subject  has  become  practised  in  the  experiment,  the  part 
played  by  unconscious  correction  of  the  ocnlo*motor  effects 
and  the  tardiness  of  the  photo-chemical  processes  gradually 
dwindles  into  insignificance,  and  negative  errors,  when  they 
occur,  which  is  rare  with  us,  are  rather  due  to  the  vibratory 
process  of  attention  which  we  have  indicated  by  V — A. 
Again  we  subjected  our  theory  to  separate  experiment  by 
consciously  trying  to  make  the  visual  factor  primary  and  the 
auditory  secondary  without  a  retnm  to  the  visual.  The 
result  substantiated  our  hypothesis.  In  a  subject  whose 
total  results  show  a  ratio  of  3  :  1  in  favor  of  positive 
errors,  this  procedure  altered  the  ratio  to  4  :  3  in  tevor  of 
the  negative  errors.  The  experimentation  was  not  sufficiently 
extended  in  this  direction  to  warrant  our  ascribing  any  final 
validity  to  this  test.  It  served  to  satisfy  us  quite  conclu- 
Bively,  however,  because  the  actuality  of  the  process  supposed 
showed  itself  clearly. 
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We  mentioned  earlier  in  tlie  paper  the  o1»3ervatton  of  a 
feeling  of  rhythm  gained  from  the  sncoession  of  sounds 
and  expressing  itself  in  various  muscular  contractions.  We 
have  now  to  consider  the  effects  of  this.  It  will  be  i-emem- 
bered  that  Wundt's  explanation  binges  on  the  ripening  of 
apperception.  The  natural  rate  of  ripening  may  be  faster,  or 
slower  than  the  rate  of  occurrence  of  the  sounds,  or  identical 
with  it.  The  different  results  found  their  explanation  in  this 
fact.  Prof.  James's  explanation  finds  a  somewhat  similar 
Ijasis.  The  rhythmic  feeling  we  mention  should  have  a  very 
similar  effect.  With  our  machine,  which  gives  its  sound  less 
frequently  than  Wundt's,  we  might  naturally  suppose  that  the 
impatience  to  'Met  off  ^'  the  muscular  contractions  would  pro- 
duce a  tendency  to  negative  error.  But  there  is  nothing  to 
substantiate  any  such  sweeping  axsumption.  The  peculiari- 
ties of  the  individual  may  cause  this  to  affect  the  result  in 
either  dii-ectiou,  and  by  most  observers  the  feeling  is  not 
noticed  at  all.  In  short,  it  is  another  factor  which  we  must 
consider  constant  in  its  influence. 

What  shall  be  said  of  the  correct  rcsultsf  It  would  seem 
to  be  sufhcient  reason  for  assuming  these  to  be  accidental  that 
one  has  no  greater  feeding  of  surety  when  givinjc  a  correct 
reading  than  when  giving  an  erroneous  one.  It  is  by  no 
means  imi>ossible  that  the  different  factors  wbich  enter 
into  the  experiment  should  occasionally  so  coml)iue  as  to 
produce  correct  results.  Similarly  we  see  no  reason  for  sap* 
posing  that  these  same  factors  may  not  at  any  time  so  com- 
bine as  to  produce  either  kind  of  error.  We  admit  the  inher- 
ent charm  of  such  accounts  as  those  of  Prof.  Wundt  uud  Prof. 
James,  which  swm  to  involve  only  a  single  general  principle, 
but  we  cannot  feel  that  these  at  all  cov«'r  the  ground.  In  any 
case  we  do  not  think  the  preseut  kinds  of  appanitus  at  all 
comi»et«nt  to  decide  dogmatically  whetlier  the  mind  does 
ever  sncceed  in  detecting  exact  simnltaneity  in  soch  cases 
aside  fi-om  mere  chance.  Our  machine  is  much  more  accur- 
ate in  this  respect  than  Wuudt's,  but  it  is  exceedingly  difll 
cult  to  be  sum  that  a  given  (fosition  of  the  index  is  abjKtlufely 
and  e^tartfr/  simultaneous  with  the  click.  For  our  own  part, 
we  do  not  believe  the  mind  ever  does  feel  two  such  stimuli  as 
.  exactly  simultaneous  in  any  other  sense  than  that  in  which  it 
feela  rapily  successive  and  disparate  stimuli  to  bo  simol- 
taneous.  Excessively  rapid  vibration  it  is  capable  of  and 
this  answers  its  purfiose.  But  apparently  it  has  no  criterion 
by  which  to  distinguish  exact  similarity  of  disparate  stimula- 
tions from  rapid  sequence  of  the  same. 

But  now  a  word  about  Wundt's  method  of  condncU 
task  which  he  set  himself.     The  probUuu  which  ht?  \ 
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he  states  thus  :  to  examine  what  (rhall  happen  '^when  we  re- 
ceive axf/'/V^of  impressionRxpyj//7v/W  hij  a  disfinf^J  interval  in- 
to the  midst  of  which  a  heterogeneous  impression  is  suddenly 
brought."  Itut  in  the  method  adoptcil  does  Wundt  really 
accomplifih  his  avowed  purpose!  Does  the  moving  of  an  in- 
dex hand  over  a  stale  i-eally  give  a  series  of  irnpresftions 
separafed  hit  (f  dinfirtrf  intervalf  Not  only  is  this  not  strietly 
speaking  tlie  case  even  if  one  succeeds  in  following  the  index 
hand  round  the  dial,  hut  mOKt  of  all  it  is  not  the  case  when 
one  adopts  the  method  of  fixating  a  point  on  the  scale  for 
trial  referene<'»  repi^iting  the  process  until  satisfaction  is 
gained.  Wundt  apparently  followed  the  former  method,  bnt 
even  if  the  attempt  is  thus  matle  to  follow  the  pointer  con- 
stantly, one  soon  discovers  that  he  is  dealing  with  no  series 
of  impressions  separated  by  distinct  intervals.  Some  por- 
tions of  the  scale  will  be  seen  with  much  greater  clearness 
than  others.  The  constantly  changing  rate  of  motion  in  the 
hand  of  AVundt's  machine,  owing  to  the  pendulum  principle 
employed,  adds  gi-eatly  to  this  defect  inherent  in  the  observa- 
tion of  any  Iwdy  moving  across  a  graduated  scale.  To 
obviate  this  diftioulty  we  att^nipte*!  to  construct  an  apparatus 
by  means  of  which  arfenHiiie  Jterus  of  intpm^ionn  :*> pnraftd 
hy  dinfiiict  xittert-ais  aiiould  beattaine<l.  We  8ucceede4l  in  pro- 
ducing a  device  by  which  the  letters  of  a  series  were  presented 
to  tlie  eye  one  at  a  time.  The  sound  was  made  to  coincide 
with  one  of  the  letters.  Two  forms  of  the  apparatus  were 
employed,  tlie  diffei-ettces  between  them  appealing  from  the 
following  description  : 

FiitsT  FonM.— Nearly  the  8«me  materials  were  used  as  In  the  roaohlne 
previously  deMTibrd.  The  sciile  and  pointer  were  removed  to  the 
r«ar  of  the  support,  the  pointer  being  attnuhed  to  the  other  end 
of  the  shaft.  Both  scale  ucd  pointer  eonred  »iiD])ly  to  maintain  the  old 
method  of  electric  ooiiuection.  At  \\w  front,  in  the  place  formerly  oc- 
cupied \iy  the  pointer,  was  placed  ii  circular  piece  of  paste-board, 
-tO.-'i  cm.  In  diameter,  at  the  circumference  of  wlilch  were  placed  the  let- 
ters of  the  alphabet  flrrangcd  at  regular  intervals.  T^e  letters  were 
from  a  set  of  BennUon's  atphabetB.  size  31.  I'he  circle  bearing;  the  leC- 
terB  was  made  lo  revolve  us  before  by  meanR  of  the  kymograph.  About 
six  Inches  In  front  of  the  revolvltijc  circle  was  placed  a  wooden  box 
large  enong^h  to  admit  the  head  with  ease  and  not  too  deep  to  offer  in- 
coDveniencG  to  the  ob"erver.  In  the  back  of  this  was  cut  a  window  1 
cm.  pquarc  and  exactly  on  a  level  with  the  position  of  the  lowest  letter 
on  the  circle.  The  box  was  blackened  on  the  Inside  to  prevent  any  dls- 
traeiiou  to  ilie  eyefl.  The  po^liiou  of  the  box  and  iio  dUtancc  from  the 
circle  could  of  course  be  adjusted  to  the  observer.  The  circle  beiit)!:  fit- 
ted on  to  the  shaft  like  a  coior-dli!c,  it  was  only  necessary  to  rotate  It  on 
its  axis  to  secure  the  expoHure  of  any  letter  uud  then  fasten 
eninfE  the  screw  which  held  it  in  position. 

Second  Fokm.— in  the  form  Ju<»t  described  the  observations  were 
nece-«»aiily  made  with  the  use  of  only  one  eye.  The  speedy  fatij^ue  uo* 
der  these  coudlllons  led  us  to  alter  the  form  as  follows :    In  place  of  the 
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revolvln^r  circle  btarloK  le'ters  to  be  rlewed  throueh  a  sUtlonary  win- 
dow, we  utUlzed  a  circle  of  black  pMte-board  sUgbtly  larger  than  the 
lane  uud  like  It  revolvinfi;  on  the  shaft.  Xear  Ua  edge  a  small  window 
was  cut  thrtiugh  which  a  sertes  of  stationary  letters  behind  could  be 
viewed  as  the  window  exposed  them  one  by  one.  We  used  a  smaller  set 
of  letters  for  thU,  Xo.  21.  They  were  arranged  upon  the  are  of  a  circle 
whose  radius  was  equal  to  the  dUtnnce  from  the  center  of  the  shaft  to 
the  lower  edge  of  the  window  In  the  psste-board  circle.  They  were 
ieparated  from  each  other  by  spaces  of  about  I  cm.  The  adjustments 
could  be  made  as  before.  To  avoid  exce<tslve  rotation  of  the  head  and 
eyes,  we  arranged  so  that  onlv  about  J  of  a  circumference  was  exposed 
for  experiment  and  this  on  a  level  with  the  observer's  eyes. 

These  variations  in  form  have  had  two  points  of  value  for 
our  oonclusious.  In  the  firHt  pla<^  we  find  that  when  you  have 
a  genuine  series  of  visual  factors  i-egularly  succeeding  one 
another  your  resnlts  become  disturbed  by  the  eflect«  of  after- 
ima^jes.  The  consefjuence  is  Jin  increase  in  negative  errors. 
For  example,  suppose  in  our  eiperiments  the  electric  contact 
was  made  at  the  letter  C.  It  fre<iuentiy  hapx>ened  that  the 
after  ima^e  of  B  or  A  (which  had  gone  before)  would  come 
out  with  sufficient  vividness  to  be  identified  with  the  sound 
and  the  attention,  being  then  s€i  for  A  or  B  on  the  next  revo- 
Intion,  would  tend  to  settle  on  one  of  tliem  as  the  correct  let- 
ter. The  occasional  vividness  of  these  after  images  was  very 
marked  and  wc  <"an  now  see  that  it  may  w«Il  play  some  part 
in  the  original  form  of  the  experiment.  The  second  consid- 
eration is  this  :  that  conducting  the  experiment  as  Wundt 
proposes  with  a  series  of  impressions  separated  by  regular 
intervals  into  which  is  introduced  a  heterogeneous  impres- 
sion, there  is  no  appreciable  cHect  upon  the  result  other  than 
the  effect  just  noticed  of  allowing  after  images  to  play  con- 
spicuous part.  This  is  an  additional  reason  in  our  minds 
for  distrusting  any  explanation  which  regainls  the  facta  as 
capable  of  arrangement  under  any  one  general  law,  such  as 
the  ripening  of  apperception.  The  fiwtors  causing  the  differ- 
ent results  are  far  too  heterogeneous  to  a<lmit  any  such 
arrangement  and,  so  far  as  we  can  Ke*.\  they  utai/  at  an>f  time 
combine  in  such  relation  as  to  produce  either  kind  of  result. 

In  conclusion,  allow  us  to  repeat  that  we  by  no  means 
regard  our  i-esults  as  warranting  any  very  comprehensive  in- 
ductions. We  i|uestion  the  possibility  of  making  such  for 
many  years  to  come.  We  hope  to  have  done  some  service  in 
bringing  out  a  few  of  the  peculiarities  in  the  phenomena  of 
attention  and  to  have  suggested  in  a  measure  the  unexhausted 
richness  of  a  very  simple  «*xperiiuent  in  revealing  th(».se.  We 
take  great  pleasure  in  acknowleil;;ing  our  obligation:^  to  Prof. 
James  and  Dr.  Uert>ert  XichoU  for  much  valuable  advice  and 
suggestion. 
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Bt  a.  KmscHMAKK,  Ph.  D.,  of  Lelpxig. 


1.  Kifuf-S!  of  i>imitfffi7tenvit  Contronf.  The  forms  of  simnl- 
tancous  contrast  in  the  doiiuiiu  of  Hight  can  be  reduced  to 
the  following : 

1.  Contrast  in  brightness. 

2.  Contrast  in  saturation. 

3.  Contrast  in  color. 

4.  Contrast  in  eniotional  tone. 

The  contrast  in  the  size  of  the  surface  is  omitted  as  belong- 
ing to  all  the  space  senses. 

These  kinds  of  contrast  depend  on  certain  conditions.  The 
strength  of  the  brightness-,  color-  and  saturation -contraata 
depends  on  the  intensity  of  the  light  emitted  from  the  object ; 
the  strength  of  the  color-  and  saturation-contrasts  is  depend- 
ent on  the  shade  of  color  and  the  degree  of  satui-ation  of  the 
contrasted  surfaces;  the  strvugth  of  the  contrast  is  also 
dependent  on  the  extent  of  the  contrasting  surfaces  and  on 
the  distance  of  the  objects  from  one  another. 

The  relations  of  the  various  kinds  of  contrast  to  these 
variables  I  have  investigated.  The  results  which  have  been 
published  elsewhere*  can  be  summarized  as  follows: 

The  intensity  of  pure  simultaneous  brightne8S-conti"a8t,  and 
probably  also  of  the  pure  simultaneous  color-contrast,  in- 
creases, within  the  limits  of  clear  perception  of  size  in  the 
resting  eye,  proportional  to  the  linear  extent  of  the  inducing 
part  of  the  retina,  or  proportional  to  the  square  root  of  the 
surface  content.  An  intensity  that  producers  a  contrast  can 
be  replaced  by  a  less  intensity  of  a  correspondingly  larger  ex- 
tent without  changing  the  strength  of  the  contrast;  that  is  to 
say,  a  relation  of  recipi-ocity  obtains  between  the  extent  and 
the  intensity  of  the  colors  that  enter  into  the  contrast.  The 
simultaneous  color  contrast  a]>p<^ars  best  when  the  brightness- 
contrast  is  excluded  or  reduced  to  a  minimum.  The  simul- 
taneous cent  i-ast  l)etween  a  color  impression  and  a  gray   of 

^  KlKDCllMANN.  I'tihrr  die  q»aHtUaUvm  VerhaftniMt  drs  timultancn 
SeUitfk'-itf-  and  P'trh-H-Contrwft'9^  Inaog.-DUs.,  Leipzig,  180U;  also  la 
Wundt's  l»hil08.  Studieo,  IS'JI  VI.  417. 


eqaal  brij^htness  incrcosoa  with  the  saturatioa  of  tho  inducing 
color.  The  simaltAncous  contrast  tx'tween  two  colors  is  com- 
posed of  two  factors,  the  quantitative  relations  of  which  with 
a  regular  increase  or  decrwise  of  the  satui-ation  of  the  colors 
change  in  irregular  manner  and  in  op]>osJte  directions.  The 
mutual  contra*»t  between  two  colors  i-eaches  its  maximum 
with  a  combiaatiou  of  medium  degrees  of  saturation  of  the 
colors. 

2.  Bfarfc  atid  Tl'AiVe.  Among  the  effects  of  contrast  there 
is  one  to  which  attention  lias  not  been  called,  although  a  neg- 
lect of  the  intiuence  of  contrast  has  led  to  a  fatal  error  in 
Hering'stlieoryof  the  fundamental  colors.  As  is  well  known, 
his  theory  asserts  the  production  of  the  various  colors  by  the 
greater  or  less  prepondomnce  of  the  associative  or  the  disso- 
ciative processes  between  two  opposed  pairs  of  fundamental 
colors.  Likewise  black  and  whiti;  are  two  such  fundamental 
sensations  and  our  different  sensations  of  brightness  without 
color  are  prodnoed  according  to  the  preponderance  of  the  one 
or  the  other  of  the  processes  in  this  pair.  This  assertation 
that  black  and  white  are  elementary  sensations  is  nnjnstiffed, 
as  I  shall  attempt  to  show. 

Bight  here,  however.  I  must  call  attention  to  the  fact  that  I 
do  not  have  anything  to  say  against  the  sensations  of  bright- 
ness, or  the  achromatic  series  of  sensations  of  light,  as  sucii ; 
this  is,  of  course,  too  amply  proveti  to  nee<l  mention.  But  I 
do  object  to  the  unproved  assumption  that  this  series  is  pro- 
duced by  two  antagonistic  sensations  just  as  a  simple  color  is 
produced.  On  the  other  hand  I  am  quite  ready  to  agree  to  tho 
view  that  black  and  white  are  extremes  of  a  series  which  is 
not  analogous  to  a  series  of  simple  colors,  but  to  the  degrees 
of  satnration  of  a  color;  that  is,  white  and  black  are  not  the 
extremes  in  the  same  way  as  red  and  blue-green  ara  the  ex- 
tremes of  the  series  of  colors  from  red  to  blue-green,  but  are 
extremes  in  the  same  way  that  c-olorless  light  and  the  highest 
degree  of  saturatioii  are  the  exti-emes  of  a  scries  of  any  color 
in  regard  to  its  saturation. 

Hering's  theory  regards  colors  as  lying  in  two  bipolar  sys- 
tems which  have  n  point  of  indifference.  If,  e.  g.,  the  sensa- 
tion red  corresponds  to  the  condition  of  assimilation  and  the 
sensation  of  blue-green  to  the  condition  of  dissimilation  of 
that  particular  substance,  then  colorle^sness  denotes  the  con- 
dition where  the  activity  of  the  substance  is  zero.  If  we  ap- 
ply the.se  relations  to  the  black- white  series,  then  the  ]X>iDt  of 
indifference  is  to  be  sought  in  the  middle  gray ;  to  re- 
gard the  middle  gray  as  the  zero-point  of  the  activity  of  the 
black-white  substance  is  a  hypothesis  that  is  not  to  be  ac- 
cepted lightly. 
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Are  while  and  black  really  sensaHonsT  Hering's  theory  re- 
quires an  artirinativf  answi*r  to  this;  neverthel«ss  the  hicts 
require,  as  I  inttmd  to  show,  a  nej»ative  one-  A  phenomenon 
is  to  be  considered  a  sensation,  i.  e.,  a  simple  mental  phe- 
nomenon, when  it  cannot  be  further  analyzed.  It  mast 
maintain  its  character  qualitatively  unchanged  even  when 
isolated  from  all  other  mental  elements.  For  example,  the 
Bensation  red  in  not  necessarily  bound  to  any  other  phenome- 
non of  conaciousncs-s.  We  always  recognize  this  particalar 
qnolity  of  light  as  re<l,  no  matter  what  the  surrounding  condi- 
tions may  be,  provided  there  is  nothing  abnormal  about  oar 
organa  of  sight.     In  order  to  recognize  an   object  a6   red 
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nothing  nior**  is  necessary  than  that  we  see  it :  isolate  it  from 
surronnding  objects  or  bring  it  into  any  relation  to  them,  it 
never  appears  blue  or  violet,  l»nt  always  rH.  Surrounding 
objects,  however,  do  have  a  great  intluence  on  the  degree  of 
satunition;  tiie  shade  of  a  given  red  will  be  different  accord- 
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inj];  to  varions  influences.  Can  we  say  the  same  of  black  and 
white  as  of  red  ami  the  other  colorst  T  will  first  describe 
some  experiments  that  answer  this  question,  after  which  a 
number  of  familiar  illusti-ations  will  t>e  given. 

The  apparatus,  which  is  not  difficult  of  construction,  is 
shown  in  figure  6.  A  wide  tube  a  b  is  painted  outside  and  in- 
side with  Paris  black  aud  is  inserted  through  the  door  of  the 
dark  room  so  that  the  wider  end  is  outside  while  b  is  in  per- 
fect darkness.  Four  diai»hra|jra8,  c,  <f,  e  and/",  are  placed  in 
corresponding;  slits  in  the  tube  in  such  a  way  that  an  eye 
looking  through  the  tube  sees  an  opening  about  two  cm.  square. 
They  are  placed  at  a  distance  from  one  another  so  that  even 
the  small  (jnantity  of  light  reiiectwl  from  the  walls  of  the  tube 
is  kept  back  from  the  neighborhood  of  the  B(|nare  opening. 
When  in  the  dark  room  various  colored  or  colorless  surfaces 
are  brought  liefore  the  end  of  the  tnbe,  the  observer  at  a  is 
able  to  recognize  only  the  intensity  and  the  cjuality  of  the 
light  rcflecti^  from  the  snrface  as  long  as  the  surface  is  so 
held  that  the  edge  of  it  cannot  be  seen  witiiin  the  square.  By 
changing  tlie  illumination  (lamp-light,  giLs-light,  daylight), 
by  changing  the  position  of  the  reflecting  snrfnne  to  the 
direction  of  incidence  of  the  illuminating  rays  and  finally  by 
the  interposition  of  coloretl  aud  gray  glasses^  the  quality  and 
intensity  of  the  refle<rted  light  can  he  changed  at  will  without 
the  observer  knowing  anything  more  than  the  actual  change 
on  the  surface  observed.  The  observer  was  called  upon  to 
name  the  various  lights  and  colors  seen  th  rough  the 
opening.  A  series  of  so-called  blacks,  e.  g.  black  (sirdboards, 
dull  black  pap«r,  Paris  black,  etc.,  was  first  presented  before 
the  tube  so  that  nothing  more  than  the  surface  was  seen.  Dr. 
Leitzmann.  who  was  kind  enough  to  serve  as  observer  in  these 
experiments,  was  called  upon  to  name  the  colors.  He  did 
not  designate  a  single  one  as  black,  but  every  one  as  gray, 
dark  gray,  a  trifie  light,  somewhat  light,  rather  light,  etc. 
The  term  blattk  was  used  only  in  the  case  whero  the  opening 
was  completely  closed  by  the  diaphragms.  Even  the  best 
Paris  black  and  the  still  blacker  shallow  that  can  be  cast  on 
it  were  perceived  as  light ;  indeed,  by  very  strong  illumina- 
tion liiey  produced  the  impression  of  light  gray,  and  on  one  oc- 
casion, by  a  sudden  change  from  daj'ligbt  to  gaslight,  that  of 
yellow.  White  papers  and  CAnllwartls  wen-  not  nx'Ognized 
as  whit-e,  but,  according  to  the  illumination,  as  light,  light  gray, 
very  light,  light  yellow,  et<;.  With  great  decrease  of  th«  illu- 
mination they  were  gnty,  dark  gray,  very  dark.  Only  onoe 
was  an  impression  n*cognijte<l  as  white,  and  this  was  from  a 
piece  of  dirty  gray  but  strongly  illuminated  wrapping  paper. 
On   the  other  hand   colored   papers   were  always  oorr^tly 


M«Ai«  dot  «IAe  paper; 
CMWlbeiKBoryflf  O* 

fOM  Mi  Mitt  Ike  enotent,  ben 
lv%MMHMatoCbeAdd«CTWoa«f  < 
for  dM  ten  Uvdj  atii^iio  oC  Mi 
1mv«  Jm(  dM^rp«atc4-  Exactly  Ow  aaae  ess  be  ibiiBa  ^ 
Urn  mtnrmion  ol  tbe  Miorm.  Upon  lookiae  at  s  Am*  off  Ac 
bMt  qmlity  oC  red  HridfAwrg  paper  ve  cnnot  neeaed  m 
ittatl^nioic  a  fitn]  finer,  mor«  aatarated  red,  althoo^  ike  p^ 
ntflit  flcMnk  not  iifodo^e  lb«  highest  degree  of  poadhlr  p^xitf 
and  Miifiratioo.  Of  thia  w«  can  eaafly  cooTiaca  oaradrca,  it 
w«  ^^m|rfir«  K  with  f^jftf^ral  reil  or  erea  otdj  with  red  gjaaa 
t^  tninitniitt<-(l  Hy^ht  or  vith  the  beet  silk  Telrci.  Thia 
rAlftifviiy  of  ihf  iitHxima  of  brighui««A  and  aaoiratioD — vkieh 
in  iii  \m  r<'Knnlpil  ajt  n  necemiary  rcaatt  of  the  ganetal  lav  o( 
rrlnilon — 1m  only  one  rfnu^ou  why  we  are  incdincd  to  call 
lirlKfit^fit  uml  tiioKt  rolorl«-ftA  objects  id  the  field  of  vuioa 
bv  IliP  nttini'  *'wliitti'*  and  tfae  darkest  and  moGt  colortoaa 
obJi-ctH  by  thf"  ua me  *' black." 

'Ib«  nwoiid  of  tb«  above  mentioned  factors  is  the  ever- 
nillna  Ini'llnation  lo  correct  the  present  sense-percepUona  by 
conrii'Ctlon  with  previooH  contents  of  oonscJousDess,  i.  e.  oat 
of  Oh^  pM'hcnl  luiprf'RHiouH  and  the  tuemoriesof  previous  im- 
piTftNloiiH  cullid  forth  by  (be  pven  object  or  those  like  it  we 
form  u  ronipl(5i  of  KL-UMitions  or  perceptSt  which  necessitates 

'    '  Ktl(R<;ilMAMN.    Ufhur  iha  JJtltiyketUtmpftnduug  im  indirecten   SA^n^ 
IMtlloa.  muUtmi,  IMHU  V.  Ml. 
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ns,  on  aroount  of  the  oonstanry  needful  for  a  later  recogni- 
tion, to  abstract  from  Home  of  the  components  or  at  least  to  give 
them  a  less  degree  of  attention.  We  recognize  the  domestic 
cat  in  ever>'  illumination,  although  the  visual  preaencalion  can 
differ  to  an  extreme  dejjree  in  rejrard  to  intensity.  We  pay 
no  essential  attention  to  the  illuinination,  although  the  presen- 
tation was  only  possible  through  it.  In  other  words,  we 
represent  to  ourselves  the  things  not  as  we  see  them  at  the 
moment,  but  as  we  know  that  they  r  When  we  ask  a  four 
to  six  year  old  child  to  draw  a  fa<'c  •  .-e  slate,  it  very  often 
happens  that  a  profile  with  two  eyes  is  produced.  The  ex- 
planation seems  to  show  the  same  tendency  as  that  just  men- 
tioned. The  child  has  often  enongh  seen  human  beings  in 
profile,  but  the  eye  is  the  most  important  part  of  the  face  and 
he  cannot  represent  a  human  l>eiug  to  himself  without  the 
two  eyes,  and  he  thus  corrects  his  presentation  of  faces  in  pro- 
file by  the  adding  the  other  eye.  This  is  exactly  the  same  as 
the  case  of  every  student  of  drawing.  Errors  in  perspective 
are  constantly  made  iMJcaaae  the  person  draws  things  as  they 
are  and  not  as  he  st?es  them.  An  amateur,  for  example,  in 
painting  a  winter  landscape  will  hesitate  to  picture  the  deep 
shadows  on  the  snow  and  he  will  draw  the  snow  perfectly 
white,  as  he  thinks  it  to  be. 

Black,  according  to  Wundt,  is  the  sensation  from  the  com- 
plete inactivity  of  the  retina,  but  it  never  occurs  in  one  with 
normal  eyes,  since  special  retinal  light  is  never  absent. 
In  external  objects  the  nearest  possible  approach  to  black  is 
an  extremely  dark  blue.  The  best  Chinese  ink,  which  appears 
as  the  deepest  black  when  drawn  as  a  line  on  white  paper, 
is  readily  seen  to  be  a  gray  when  it  is  used  to  cover  a  large 
snrface.  Even  Paris  black,  which  is  the  blackest  of  adl 
pigment,  is  not  a  full  black,  for  on  a  snrface  covered  with  this 
black  we  can  draw  still  blacker  lines  with  the  same  pigment. 
Compared  with  the  inner  surface  of  a  black  cylinder,  the 
Paris  black  appears  distinctly  gray.  It  is  just  the  same 
with  writing-ink  or  printer's  ink  ;  it  appears  black  to  us  only 
so  long  as  it  is  in  small  lines  or  letters  or  numbers  on  a  bright 
background,  where  the  simnltaneons  and  the  l»order  contracts 
are  bo  weakened  that  the  difference  l»etween  the  characters 
In  pigment  and  the  retinal  light  is  not  perceived.  ,In  short, 
every  ca»e  where  we  believe  ourselves  to  see  complete  ab- 
sence of  light  is  due  to  contrast  in  brightness. 

We  designate  those  surfaces  as  white,  concerning  which  we 
have  learned  by  experience  that  with  every  Illumination  they 
possess  the  maximum  capability  of  reflection  and  colorlessness. 
The  swan  is  white,  even  when  it  is  In  the  deepest  sbarlow. 
Even  the  shadow  on  the  feathers  of  the  swan  no  one  would 
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crW  (fray,  aIthouKl»  tliey  are  far  darker  than  the  lighU.  A 
pieco  ol  white  paper  can  be  held  at  sach  an  angle  to  the 
incide-nt  light  that  it  is  really  not  so  light  as  a  piere  of  gray 
paper  Iteside  it.  which  haH  a  better  illumiDation^  and  no  one 
would  call  thp  (onner  gray;  yet  we  believe  that  we  sec  the 
former  a»  white  aud  the  latter  wn  gray.  This,  however,  hap- 
pens only  as  long  as  we  know  what  the  shades  of  the  two 
really  are.  If  we  do  not  know  thin,  then  we  judg«  the  two  u 
we  actually  see  them,  just  as  in  the  experiment  described 
above. 

From  these  considerations  it  seems  to  me  clear  that  in 
onler  to  attribute  to  an  object  the  property  ''black"  or 
•*  white,"  we  need  to  know  more  than  the  quality  and  intensity 
of  the  ilhimination  of  the  objects  and  that  these  designations 
are  not  de.signatiouH  of  sensatiouH,  but  of  judgments.  Black 
and  white  are  thus  concepts  and  not  sensations.  There  arewhite 
objects,  but  no  sensation  white,  what  we  call  white  being 
simply  a  gray,  with  a  surface  that  possesses  the  maxlmnm 
degree  of  capability  of  reflection  under  the  various  conditions 
of  illumination. 

3.  Effect  o/Cofoj^d  lUumination.  It  is  often  said  that  in  the 
evening  by  lamplight  the  yellow  objects  appear  almost  white 
and  are  scarcely  to  be  distinguiBlied  from  white.  This,  how- 
ever, is  an  illusion  of  the  judgment;  just  the  reverse  is  tme. 
In  reality  the  white  objects  appear  yellow  and  the  yellow 
olijects  still  more  yellow  in  the  light  of  the  lamp  whicli  is 
rich  in  red  and  yellow  rays,  but  lacking  in  a  correspouding 
quantity  of  blue  raya.  This  is  clearly  seen  when  a  piece  of 
white  cardboard  is  so  aiTanged  that  half  of  it  is  illuminat-ed 
by  daylight  and  the  other  half  by  lamplight,  with  the  appro- 
priate protection  from  extiiuieoiis  light.  The  half  lighted  by 
the  lamp  appears  decidedly  yellow  or  pale  orange,  and  yet  in 
the  evening  under  the  same  illumination,  when  we  have  noth- 
ing really  white  with  which  to  compare  it,  we  call  it  white. 

Just  the  same  thing  happens  in  looking  through  weakly 
colored  glasses^or  sheets  of  gelatine.  We  believe  ourselves 
to  see  the  objects  in  their  proper  colors,  as  though  we  could 
see  one  color  through  another.  This  supposition  is  incor- 
rect, as  is  seen  by  looking  at  colored  surfaces  through  the  ap- 
paratus mentioned  above  in  such  a  manner  that  neither  the 
edges  of  the  objects  nor  the  character  ol  their  surfaces  is  seen. 
The  mixed  color  produced  by  the  color  of  the  object  and  that 
of  the  glasses  will  then  be  seen  and  the  illusion  will  disap- 
pear. The  knowledge  of  their  tme  colors  which  we  have 
from  general  exi)erieace  has  led  us  to  believe  that  we  see  the 
objects  in  their  usual  colors  in  spite  of  the  influence  of  the 
glasses. 
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ThiH  explanation,  however,  is  Bufiicient  only  in  the  ease  of 
aliKhtly  colored  glasacs.  With  Klasses  of  more  saturated 
colors  there  are  aUo  two  additional  factors  that  show  them- 
selves, the  fatigue  of  the  i-etiua  and  the  purely  psychological 
inflnence  which  assists  the  recognition  of  the  colors  of  the 
objects  and  an  abstraction  from  the  color  of  the  glasses. 

With  a  pair  of  spectacles,  specially  made  by  KriUe  in  Leip- 
zif;.  in  which  various  colored  glasses  coald  be  set  and  which 
were  provided  with  side  screens  to  keep  out  extraneous 
light,  I  was  able  to  perform  in  a  convenient  way  all  the  ex- 
periments described  by  Fechner  in  his  essay  on  contrast.^ 
My  results  do  not  difler  essentially  from  his.  When  Uie  si>ec- 
taclea  are  provided  with  blue,  violet,  yellow  or  gi'een 
glasses,  after  a  short  time  the  impression  of  color  disappears 
and  the  objects  appear  in  their  natural  colors  with  the  ex- 
ception of  those  object-8  whose  colors  are  extinguished  by  the 
glasses.  Black  and  white  objects  appear  black  and  white  In 
spite  of  the  fact  that  only  colored  light  reached  the  retina 
from  them.  The  color  of  the  glasses  is  noticed  only  in  look- 
ing at  veiy  bright  objects. 

The  color  disappears  still  more  qnickly  when  two  different 
glasses  ai-e  nsed,  e.  g.  blue  for  the  right  eye,  purple  for  the 
left,  or  yellow  for  the  right,  violet  for  the  left,  at  the  same 
time  taking  care  that  the  colors  are  of  about  the  same  degrees 
of  brightness  in  order  that  the  disturbing  rivalry  of  the  two 
fields  of  vision  may  be  avoided.  In  such  cases  the  illusion 
from  the  judgment  goes  so  far  that  the  objects  are  supposed 
to  be  in  their  proper  colore  and  it  is  generally  impossible  to 
say  before  which  eye  the  blue,  before  which  the  purple,  glass 
is. 

The  fatigne  of  the  retina  is  not  the  only  canse  of  this  phe- 
nomenon, for  tlie  illusion  occurs  almost  immediately  and  the 
posterior  images  that  always  follow  fatigue  ai-c  either  very 
weak  or  entirely  lacking.  Moreover,  the  fact  that  we  do  not 
judg«  objects  accoitliug  to  I  heir  intensity'  and  the  qualities  of 
their  lights  is  also  not  sufficient  to  explain  the  phenomenon. 
There  seems  to  be  another  infiuence  of  purely  psychological 
character,  arising  from  the  relation  iu  which  the  Kensntionn 
of  color  stand  to  one  another  and  being  a  direct  result  of  the 
general  law  of  r(*tativity.  Here  we  have  to  do  with  a  lack  in 
the  relation  of  the  color  of  the  glass  to  other  colors.  If  we 
hold  a  liliie  gliiss  ln'fur«  the  eyi^s,  it  is  only  in  the  first  mo- 
ments that  we  have  any  occasion  to  compare  the  jlluminatioa 
of  the  objects  seen  through  it  with  the  normal  illumination. 


■FXOBKKR,  Ofr«r  die  ContrwUnjtfindung^  B«r.  d.  Kgl.  tfchft.  0«i.  d. 
WiM.,  iDAth.-phys.  CI.,  1880,  71. 
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The  longer  tho  now  illuminfition  continues,  the  fainter  the  re- 
lation to  jireviouf*  illmninarion  Iteoomes,  while  there  is  no  pOB* 
fiibiiity  of  a  compnriRon  with  the  nsnal  illamination  at  the 
same  time,  since  with  use  of  the  completely  protected  specta- 
cles jnst  described  the  colored  illamination  covers  the  whole 
field  of  vision. 

In  these  experiment«  T  made  the  same  cnrioos  observation 
as  Fechner,  namely,  that  the  red  glasses  were  an  exofption  in 
BO  far  that  theimpresNion  of  the  dominating  color  disappeared 
mncb  more  slowly  and  in  the  case  of  bright  objects  never  dis- 
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appeared  entirely.  Nevertheless  I  do  not  think  that  any 
higher  or  more  enduring  sensitiveness  for  red  is  present ;  on 
the  contrary,  I  believe  that  the  peculiarity  has  its  cause  in  the 
physical  character  of  the  glasses.     A  transparent  body  cui 
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posseBH  a  color  from  two  entirely  different  reasons ;  either 
when  it  allows  only  rays  of  a  certain  wave-length  to  pass 
through,  or  when  it  allows  all  to  pass  through  except  thoM 
of  the  complementary  color.  A  glass  can  be  yellow  because 
it  allows  only  yellow^s  rays  to  pass  or  becikuse  all  rays  pass 
through  it  with  the  exception  of  the  blue  raya  which  it  ab- 
sorbs. The  glasses  which  T  used  in  the  experiment*  jnst 
(lescribeKi  were  exaniinetl  with  the  spectroscope.  The  re- 
sults are  shown  in  figure  7,  where  I.  indicutCH  the  solar  spec- 
trum with  some  of  the  principal  lines,  and  the  others  the 
spectra  of  various  glasses,  the  color  as  it  ap|>ear8  to  the  eye 
being  written  beside  it.  Those  parts  of  the  spectrum 
which  were  completely  blotted  out  are  shaded  with  par- 
allel lines,  while  those  that  appeared  faintly  are  repre- 
sented by  crossed  lines.  It  is  very  clearly  seen  that  the 
glasses  that  gave  the  spectra  II.,  III.,  V.  and  VI.  (blue, 
violet,  yellow  and  green)  owe  their  colors  as  seen  by 
the  eye  to  the  fact  that  the  complementary  color  is  elimi- 
nated, while  the  remaining  coloi-a  are  allowed  to  paAS,  although 
some  of  them  are  weak.  The  red  glass,  however,  (superficial 
oxide  of  copper  coloring)  has  its  spectrum  cut  off  sharp  be- 
fore the  D  line  and  with  the  exception  of  a  light  gray  glimmer 
In  the  place  of  green  i>ermita  only  light  from  >.  —  0.0007258 
to  /  =-  0.0000026  to  i>asB.  In  consequence  of  this  its  effect 
on  the  eye  Is  quite  different  from  that  of  the  other  glasses. 
The  others  do  not  weaken  the  light  from  the  objects  to  any 
great  degree,  with  the  exception  of  those  in  the  complementary 
color,  and  consequently  their  relative  relations  of  brightness 
remain  almost  imdisturbeti,  so  that  we  easily  recognize  the 
colors  and  shades.  On  the  other  hand  the  red  glass  causes 
the  greatefit  disturbance  in  the  relations  of  intensity  of  the 
colors  of  the  objects.  All  red  objects  appear  bright, 
while  all  those  otherwise  colored  are  seen  to  be  much  darker, 
often  almost  black.  This  difference  is  made  still  greater  by 
the  contrast  in  saturation  between  these  two  clat^ses.  Both 
these  influences  render  it  difficult  or  impossible  to  abstract 
from  the  red  coloring  and  to  judge  objects  in  their  usual 
colors,  as  is  done  with  iho  other  glasses. ' 


'  TbU  cxplAiuition   could    be   tested    by    use   of    insctjuiles    fitted 

with  blue,  green,  yellow,  etc.,  comblnatloTis  of  ffelntine  sheets  pre- 
pured  la  the  muiDer  described  by  KlrMcbiiuLuti,  Uth*T  die  Jlfrmellnng 
monocAromatitehen  LictUeSj  Pbilus.  Siudlnn,  IBitl  VI.  M3,  And  so  v 
raofed  thiit  these  colon  are  pun.'  Bpectrnl  culOfR  liko  th(^  red.  The  re- 
i^ult  ouf^ht  to  Hhow  that  such  colors  have  the  same  tiOevt  n»  the  red.  On 
the  other  baud  red  plalea  pro<luced  by  the  at»son>tion  of  the  coatplemeDl- 
ary  color  ought  to  act  aa  the  blue  ones  described  hi  the  text* 
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4.  The  Idea  of  PofiAh.  Contrast  has  also  a  large  In- 
fluence in  the  idea  of  luster  or  polish.  I  say  "the  idea  of 
polish,"  for  the  polish  is  not  directly  given  as  sensation,  but 
is  a  proilnct  of  the  combination  of  sensations.'  According 
to  Wundt,  polish  is  to  be  regarded  as  an  inromplete  mirroring, 
whei-eby  under  mirroring  we  understand  the  regular  reflection 
of  light  from  a  plane  or  a  curved  surface.  Polish  rests  upon 
the  reflection  of  the  light,  which,  although  not  complete  Uke 
the  reflection  fi-om  a  mirror,  (whei*e  instead  of  the  mirror  we 
see  only  the  object  mirrore<I)  nevertheless  is  not  so  irretfular 
as  the  usual  dull  surfaces.  Witli  dull  surfa<?es  the  light 
which  comes  from  any  dirt»ction  is  strongly  reflected  in  all 
directions,  while  ia  a  mirror  only  one  dii-ection  of  the  reflected 
rays  corresponds  to  each  direction  of  incidence.  Jietween  these 
two  extremes  there  lies  the  whole  series  of  possibilities  where 
light  is  reflected  in  all  directions,  but  one  direction  is  particu- 
larly favored ;  thefte  liulong  to  the  category  of  luster  or  polish. 
The  favored  direction  in  which  the  light  is  reflected  depends 
on  the  physical  conditions,  on  the  number,  the  xwsition  and 
tlie  size  of  the  soui-ces  of  illumination,  on  the  form  of  the 
shining  surface,  but  is  completely  iudept'udent  of  the  eye- 
Therefore  with  even  the  smalleHt  movements  of  the  eye  we 
see  displacements  of  the  relations  of  intensity.  Just  this  fact 
is  for  us  the  criterion  of  polish.  Likewise  the  binocular  ob- 
servation of  the  object  enables  us  to  judge  of  luster,  since  the 
two  retinal  images  have  theii*  maximnm  intensities  in  different 
places.'  To  thin  we  must  add,  in  the  case  of  bodies  of  a  luster 
approaching  mirroring,  the  inflnence  of  the  doubtful  fixation 
of  the  visnal  axes  and  of  accommodation. 

Nevertheless  even  in  cases  where  these  conditions  are  not 
fulflUed,  where  every  influence  of  the  mutual  suiiport  or 
rivalry  of  the  fields  of  vision  or  the  movements  of  the  eyes  is 
removed  by  monocular  observation  with  completely  unmored 
eye«  and  whei>e  the  object  is  so  far  distant  that  the  insecnrity 
of  the  accommodation  and  convergence  of  the  visnal  axes  can 
no  longer  come  in  question,  the  polish  ia  in  many  cases  still 
present.  The  explanation  of  these  cases  has  therefore  to  be 
Bought  in  something  else  than  the  influences  mentioned. 

In  such  cases  we  recognize  objctrt*  as  polished  that  send 
out  a  not  completely  diffused  light  when  nuder  a  single  illu- 
mination ;  the  l>i-ightness  of  various  parts  of  the  surface 
stand  in  such  a  relation  as,  according  to  our  experience,  can- 
not come  from  an  irrcgiilarly  reflecting  surface.     It  is  here  a 


'  IVfNUT.  Beitnigt  zur  TTieorfe  tier  Sinnenoahmemnng^  515,  Lolpzlg 
and  Heidelberg,  1862. 

'  Od  the  relatioDs  of  between  binocular  contrast  and  poltsfa,  see  'W  cxdt, 
Phys.  Pay.  U.  179,  Leipzig,  1S87. 


question  of  considerable  differences  of  hriKhtness  between 
adjacent  places  of  the  surface  ;  this  is  a  matter  which  can  be 
e»sentially  influenced  by  contrast,  especially  when  we  are  un- 
acquainted with  the  source  of  iUamination. 

Bodies  that  completely  disperse  the  light  show  no  differences 
of  intensity  on  approximately  even  surfaces  with  a  single 
Ulumiuation  and  only  moderate  variations  on  curved  surfaces  ; 
the  passafi^e  from  li^ht  to  shadow  follows  in  a  manner  com* 
pletely  dependent  on  the  form  of  the  surface.  As  soon,  how- 
ever, as  we  perceive  greater  differences  of  brightness  on  a 
surface  of  a  single  object  than  would  bo  possible  with  a  dif- 
fuse reflecting  surface,  we  say  that  the  object  has  polish. 
These  differences  of  intensity  according  to  the  prevailing 
maxima  of  brightness  are  prodaceable  not  only  by  direct 
differences  of  intensity  but  also  under  favorable  circum- 
stances by  contrast ;  thus  in  monocular  perception  of  polish 
we  are  exposed  to  many  illusions.  For  example,  a  gray  ball 
of  dull  surface  can  be  so  painted  with  black  and  white 
pigments  that  by  monocular  observation  and  unnioving  eye, 
it  cannot  be  distinguished  from  a  polished,  unpainted,  gray 
ball.  Movement  of  the  eyes  or  binocular  observation,  of 
course,  destroys  the  illusion.  This  in  the  weapon  which  in 
the  hands  of  a  painter  enables  sucli  startling  representations 
of  polished  objects  by  means  of  pigments.' 

5.  The  Emotional  Tone  in  Contrast.  The  part  played  by 
the  emotions  in  relations  of  contrast  is  scarce  less  than  the 
usual  qualitative  and  quantitative  properties  of  the  sensations. 
Lipps,  indeed,  regai'ds  this  factor  as  the  only  psychological 
contrast,  others  being  physiological.'  Nevertheless  it  is 
easily  seen  that  the  contrnHt  t>etwcen  the  emotions  accompa- 
nying the  sensations,  l^esides  the  actnal  emotional  con- 
trasts of  the  sensations,  being  to  a  certain  degree  dependent  ou 
it  without  the  intensity  and  quality  coutrast  l»eing  bound  to 
it  with  like  necessity.  The  sensations  of  light  can  be  so 
chosen  that  they  are  totally  indifferent  in  regard  to  their 
emotional  tone,  although  they  are  otherwise  totally  unlike ;  on 
the  other  hand  an  emotional  ciontrast  8Ppnrat<>d  from  every 
contrast  of  brightness  and  quality  is  inconceivable. 

The  emotional  contrast,  however,  although  at  present  not 
accessible  to  quantitative  measurement,  determines  the 
»sthetic  effect  of  the  colors  and  their  combinations  as  a 
result  of  the  simultaneous  contrast  of  the  sensations.  The 
difficulties  of  establishing  fixed  rules  for  this  action  of  the 


*fl«e  alto  KmscHitAMTf,  DU  pt^choloffi»ch-&slhtti»ehe  Bedeutunff  da  Lieht' 
und  FarbencontroHft,  Plillos.  Hcadleo,  1891  VII  3S*i. 
'GrundchntucheD  dci  Seelealebeot,  273. 
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emotional  contrast  r^Ms  chiefly  on  the  fact  that  all  the  kinds 
of  contrast,  those  of  brightness,  of  saturation,  of  color  and  of 
the  emotional  tone,  each  of  which  is  itself  variable,  can  take 
part  in  the  r«9uU,  all  of  which  influences  mnst  be  taken  into 
account.  It  is  a  fatal  error  to  jud^  the  a^nthetic  effect  of  a 
combination  of  colors  from  the  standpoint  of  the  color-con- 
trast alone.  It  is  an  absurdity  to  make  such  a  statement  as, 
'^  green  and  blue  do  not  go  well  together  ;  *'  it  should  be,  **  a 
certain  green  and  a  certain  blue  when  combined  in  certain 
degrees  of  brightness  and  saturation  make  a  disagn>eeble  im- 
pression,^* The  colorcontrasl  between  green  and  blue  is 
small,  but  it  can  be  replaced  by  one  or  both  tlie  other  two 
kinds  of  contrast ;  an  example  in  point  is  the  beautiful  con- 
trast between  the  weakly  saturated  and  intense  blue  of  the 
sky  with  the  highly  saturated  dark  green  of  the  forests  or 
with  the  yellowish  green  of  the  fields.  The  reverse  of  the 
usual  stat4iment  can  be  made,  namely,  that  the  contrast  be- 
tween any  two  colors  can  produce  an  agreeable  effect,  provided 
the  contrasts  of  brightness  and  of  saturation  are  properly 
chosen.  The  maximum  emotional  effect  is  reached  when  all 
the  three — color,  brightness  and  saturation — are  properly 
contrasted. 

6.  Preventive  Effeds,  Although  attention  is  generally  turned 
to  the  strengthening  effects  of  contrast,  it  is  nevertheless 
true  that  the  case  often  occurs  where  contrast  hinders  us  from 
detecting  a  difference  between  two  qualities  or  intensities  of 
light.  Such  a  case  of  the  hindering  effects  of  contrast  is 
found  in  the  fact  observed  by  Arago  and  Hankel,*  that  two 
unlike  but  not  very  different  intensities  ai*e  more  eaisily  judged 
on  a  moderately  bright  background  than  on  adarkerone.  Tho 
cause  of  this  is  not,  as  Fechner  thought,  the  **  revei-sed" 
contrast  (the  so-called  light-induction),  but  is  simply  the 
brightness-contrast.  The  two  small  objects  (in  the  Hankel- 
Fechner  example  two  small  nlits)  are  so  much  raised  in  their 
brightness  that  they  come  very  near  the  maximum  of  bright- 
ness, whereby  their  very  small  difference  disappears. 

An  exactly  similar  exi>eriment  cau  be  made  as  follows : 
India  ink  has  a  brightness  of  ^'^  that  of  a  certain  white  paper; 
lampblack  has  a  brightJiess  of  ^  compared  with  the  same 
paper.  That  is^  the  former  i-eflects  nearly  three  times  as 
much  light  as  the  latter,  as  can  be  seen  at  the  first  view  when 
the  two  colors  are  spread  beside  each  other  in  large  surfaces. 
Nevertheless  if  we  draw  two  thin  lines  on  white  paper,  one 
with  India  ink,  the  other  with  lampblack,  we  find  that  they 

^  Fecuxkr,  Veber  dt«  ContrtuUmjifindungf  Ber.  d.  Kgl.  sflchs.  Ges.  d. 
Wl8a.,  rnnth.  phye.  CI.  1860,  90. 
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show  no  difference,  the  contrast  in  I)rifrhtnes3  with  the  white 
paper  having  reduced  them  both  nearly  to  the  minimum  of 
brightness. 

Another  effect  of  contrant  is  the  so-called  tight-indaction. 
This  is,  however,  not  to  be  regardwi,  like  the  usual  cases  of 
contrast,  as  a  constantly  occurring  factor  of  every  perception 
of  sight,  bnt  as  an  exceptional  case  which  occurs  only  after 
long  fixation.  This  phenomenon  has  up  to  the  pi-esent  been 
investigated  only  as  the  accompaniment  of  successive  and 
contour  contrast.  In  thpse  cases  it  is  prol>ably  to  be  explained 
physiologically,  as  brought  alK>ut  perhaps  by  the  phenomena 
of  fatigue  and  subjective  changes  occasioned  by  the  exertion 
of  the. organs  of  fixation  (movement)  and  accommodation  or 
by  the  interocular  changes  of  pressure,  or  perhaps  !)y  the 
extension  of  the  stimulat  ion  to  neighboring  parts  of  the  retina. 
Whether  such  phenomena  of  light-induction  occur  as  results 
of  simultaneous  contrast  is  a  question  that  has  not  been 
answered. 

There  is,  however,  a  phenomenon  that  at  first  sight  might 
seem  to  be  a  light-induction,  bat  ia  really  to  lie  explained 
otherwise.  When  we  steadily  fixate  a  bright  object  on  a  dark 
background  it  gradually  loses  its  brightness,  while  tiie  iKiok- 
ground  becomes  lighter.  This  is  a  necessary  result  of  simul- 
taneons  conti-ast  and  we  do  not  need  to  introduce  a  new  prop- 
erty of  the  organ  of  vision.  The  dark  background  in  the 
neighborhood  of  the  bright  object  is  really  so  dark  only  by 
contrast  with  the  object.  Even  a  moderately  bright  object 
Illuminates  not  only  the  corresponding  portion  of  the  retina  on 
which  its  image  is  j)rojecfced,  but  also  all  the  rest  of  the  retina 
on  account  of  the  retiection  from  the  retinal  image,  on  account 
of  the  very  imperfect  refraction  of  the  lens-system,  and  finally 
on  account  of  the  very  imperfect  opacity  of  the  eyelids  and 
the  portions  of  the  sclerotica  and  chorioidea  around  the . 
pupil.  Even  with  closed  eyes  remarkable  quantities  of  light 
penetrate  through  the  lids  to  the  retina  ;  with  open  eyes  the 
amount  spread  over  the  retina  must  be  very  much  greater. 
This  brightne.ss  of  the  whole  retina  generally  esca])es  onr 
Botice  on  account  of  the  contrast  with  the  direct  illuininat/ed 
.portions.  By  long  continued  fixation  of  a  bright  object,  how- 
'«ver,  there  occurs  a  progressive  fatigue  which,  ou  a*?<"ouut  of 
the  impossibility  of  a  comparison  with  other  objwts  not 
under  the  same  conditions,  we  are  aware  of  only  through  the 
change  in  the  relation  of  the  intensities  of  the  object  and  the 
background.  But  the  more  the  actual  intensity  of  the  bright 
retinal  picture  decreases  the  less  becomes  the  effect  of  the 
contract  on  the  dark  background.  This  consetiuently  upi)ear8 
to  become  lighter,  since  it.s  illumination,  derived  in  the  waya 
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mentioned  above,  takes  a  more  prominent  part  when  not 
repressed  by  contrast.  Exactly  analogous  is  the  case  of  a 
colons  object  on  a  <lnrk  liackf^round. 

That  contrast  is  able  under  certain  circnmstances  to  reprera 
the  otherwise  perfectly  apparent  difference,  is  seen  in  the 
following  experiment.  ]jet  a  small  circle  l>e  painted  with  a 
very  thin  solution  of  carmine  or  ultramarine  ;  it  will  be  of  a 
dull  pink  or  a  bright  blue  color  and  will  be  qnite  distinct 
from  the  white  backjrround.  Now,  with  the  same  color  but 
in  snch  satnmtion  that  it  covers  tht^  white  thoronghly,  X'^ii^t 
around  it  a  ring  of  a  thickness  equal  to  the  diameter  of  the 
circle  ;  the  circle  will  appear  to  be  as  perfectly  white  as  the 
background.  In  this  eii>eriment  we  liave  to  do  with  a  simul- 
taneous contrast  in  saturation  and  brightness;  the  former 
brings  it  about  that  we  do  not  perceive  the  color  of  the  inner 
circle  and  the  latter  prevents  the  inner  circle  from  appearing 
darker  than  the  external  l>ackground.  That  the  brightness- 
contiiist  exercises  a  stronger  effect  on  the  inner  circle  than  on 
the  external  l>ackground  is  partly  the  result  of  the  fact  that 
the  background  is  nearer  the  maximum  of  brightness  and 
can  be  made  brighter  only  to  a  small  degree;  it  also  depends 
on  the  relation  of  the  strength  of  contrast  and  the  extent  of 
the  contrasting  objects. 

7.  liecoffiiition  of  Objects,  Tt  is  a  matter  of  great  import- 
ance to  determine  if  the  general  psychological  law,  tliat  we 
judge  impressions  not  according  to  their  absolute  values,  bat 
according  to  their  relations  to  one  another,  works  favorably 
for  the  accomplishment  of  the  functions  of  the  sense  of  sight 
or  not. 

The  duty  of  onr  sense  of  sight  lies  evidently  not  in  per- 
ceiving absolute  intensities  and  qualities  of  light,  bat  in  rec- 
ognizing and  naming  familiar  objects  under  the  most  varied 
circumstances,  and  in  giving  unfamiliar  objects  their  proper 
positions  among  the  familiar  ones.  For  these  puriH)s<*s  the 
brightness  and  the  color  of  bodies  are  the  most  important, 
since  we  can  recognize  their  outlines  and  size  only  by  help  of 
qnantitative  and  qualitative  variations  of  light. 

Tliis  is  readily  shown  l)y  an  example  from  common  life, 
Snppose,  when  we  look  into  a  room  on  different  occasions, 
we  see  it  under  continually  different  degrees  of  illumination. 
Every  object  ix-Uects  a  different  amount  of  light  ou  each 
occasion.  Yet  this  in  no  way  affects  our  recognition  of  thejn. 
We  recognize  them  under  the  most  varied  coudilious.  For 
recognizing  them  we  umke  use  of  their  outlines  and  their 
relnh've  intensities  of  illumination. 

The  absolute  intensities  and  colors  of  objects,  the  Borfaces 
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of  which,  accoitiing  to  their physica]  characters,  always  reflect 
only  a  small  percentage  of  the  light  falling  upon  them,  are 
exceedingly  nntrustworthy  factors  of  the  visual  x>erccpt8,  on 
account  of  the  extremely  frequent  and  extensive  change  of 
jllnminntion,  and  are  therefore  the  worst  means  imaginable  for 
the  recognition  of  objects.  In  case,  however,  sen.sations  of 
brightness  and  color  are  to  assist  in  the  recognition  and  deter- 
mination of  objects  by  means  of  their  degrees  of  intensity, 
then  the  eye  can  measure  not  according  to  abBolute  but  only 
according  to  relative  standards,  since  the  relation  between 
the  brightness  and  color  of  an  object  and  tiiatof  its  surround- 
ings remains  the  same  within  considerably  extended  limits  on 
account  of  the  almost  <'omplete  constancy  of  the  c*o-ef&cient6 
of  reflection,  which  are  valid  for  the  kinds  of  light  possible 
in  common  life. 

If  we  were  to  estimate  according  to  absolute  intensities, 
the  sensations  of  brightness  would  be  of  value  for  the  rec- 
ognition of  objects  only  in  so  far  as  they  provided  an  easy 
perception  of  the  outlines  of  the  objects  and  their  parts. 
Every  variation  of  illaminatiou,  however,  would  diange 
essentially  not  only  the  whole  picture  of  the  objects  in  the 
field  of  vision  but  would  also  disturb  and  distort  the  relations 
of  brightness  of  these  objects  to  one  another  up  to  the  last 
degree  of  indiscemibleness. 

Since  we  are,  on  the  contrary,  under  the  greatest  possible 
abstraction  from  or  removal  of  the  rwognition  of  absolut*^  dif- 
ferences, and  arc  provided  with  tJie  ability  to  recognize  and  to 
estimate  not  intensities  themselves  bat  their  relations  to  one 
anotlier,  therefore  we  are  placed  in  a  position  to  recognize 
objects  through  the  relations  of  brightness  of  their  surfaces 
in  afl  far  ah  the  co-efficients  of  reflection  remain  constjiut  by 
variable  illumination. 

It  is  to  th^  law  of  relation  that  we  owe  the  possibility  of 
carrying  out  this  chief  function  of  the  sense  of  sight,  namely, 
the  recognition  and  the  determination  of  the  objects  of  the 
external  world.  Indeed,  we  ean  say  ''contrast"  in  place  of 
'*law  of  relation;"  for  contrast  is  merely  the  expression  of 
our  conviction  that  the  same  intensities  of  the  stimuli  jios- 
sess  different  worths  as  seuRiitions  according  as  they  enter 
into  various  relations  to  other  impivssious;  or,  in  other 
words,  that  the  difference  of  two  sensations  eannot  in  all  eases 
be  referred  to  the  ilifforence  of  the  stimuli  which  cause  them, 
and  that  therefore  froui  th»*  likeness  or  unlikeness  of  sensa- 
tions and  ideas  we  cannot  judge  the  likeness  or  unlikHnnsH  of 
the  objet^ts  unless  we  take  the  whole  contents  of  t^oosciousness 
into  consideration. 


EBPORT  ON  AN  EXPERniENTAL  TEST  OF  MUSICAL 
EXPREaSIVENESS. 


Br  Bekjamik  Ives  Giluak. 


Daring  the  latter  halt  of  last  March  I  sent  to  a  number  of 
resident**  of  Cambrid|<e  and  Boston  who  are  interested  in 
musie  a  circular  of  invitation,  from  which  the  following  sen- 
tences are  an  extract : — 

An  ExPERiMKNTAt.  CONCERT.—  May  I  ask  your  aid  in  an  attempt  to 
make  hii  i^xpenmeiital  coutrlbuilon  to  the  question  ao  much  debated  re- 
irardlnfr  the  power  of  music  to  awaken  doftnlcc  Ideas  and  emotion?  in  the 
JlsteDer.  Una?  occurred  to  me  that  some  results  of  value  rolf;ht  be 
reached  if  a  careful  selection  of  musiical  IrngnieotB,  to  which  a  definite 
expressive uess  ha«  l>eeD  attributed,  were  to  ne  jierformed  In  the  hearing 
of  a  number  of  perPOtiB  lutereHted  In  muAlc,  %\lio  should  previoaaly  ajB^ree 
to  set  down  hide|H>ndent]y  of  each  other  the  impre^^iona  they  receive 
therefrom.  Shnultl  a  »ufflelent  number  of  those  to  whom  this  notice  ia 
eeataiKuify  Iheir  wllliDgiiess  to  join  in  such  an  undertakiiit;,  I  propose 
to  eive  what  n)Hy  be  called  an  experimental  concert,  on  some  evening  to 
be  nerclnafter  selected.  A  lack  of  theoretical  knowledge  of  music  need 
in  no  way  be  regarded  ao  a  di?tjualillcation  for  the  task  propo--*ed.  On 
the  contrary  those  who /ft?/  rather  than  undernand  mnsic  are  to  be  con- 
sidered to  be  the  best  audience  for  such  a  puri>osc.  An  Intereitt  In  the 
purely  niusicHl  aspect  of  a  com[H>Kiilon  niight  hinder  rather  than  help 
that  rmiiginatlvc  ^rn*ip  of  It  which  it  is  here  dct^ired  to  teet. 

I  propose  to  cbtsio  the  Itstnere*  judgments  In  the  form  of  answers  to  a 
question  prepared  befaiebHod  on  e«ch  of  a  number  of  musical  selections, 
which  appear  In  a  detliiUe  way  exprest-ive  either  to  myself  or  others. 

The  qrc^tlons  will  be  numbered  and  each  of  the  llsitencri  nill  be  pro- 
vided with  A  notebook.  In  which  he  will  be  a^ked  to  jot  down  bit)  reply 
(to  be  numbend  to  corre!>puod)  without  cooaultation  with  others^  du r- 
iog  a  pause  after  each  selection.  Kach  listener  will  be  asked  to  w*rite 
down  the  name  of  any  one  of  the  frHgmeuta  which  proves  familiar  to 
blm. 

The  undertaking  is  so  entirely  novel  that  It  is  difficult  to  predict  Its 
outcome,  hut  I  am  eture  there  are  many  ainnng  im  whose  imaginative  In- 
terest in  the  art  of  tone  and  power  of  giving  thU  luteret>t  expression  are 
capable,  if  the  right  opportunity  he  offered,  of  throwing  a  valuable 
light  on  the  vexed  question  of  oiusical  expressiveness. 

About  thirty  persons  were  kind  enough  to  accede  to  this 
request,  and  on  the  evening  of  the  29th  of  April  the  experi- 
ment took  place  in  a  parlot'  in  Caml>rid{^e. 

The  invttiuments  used  were  a  grand  piano  (from  the  Mason. 
&  Hamlin  Co.,  Bo&tou.)  and  the  violin.     The  interpretation 


MUSICAL  EXPBE86IVSNESB. 


569 


of  tbe  programme  was  intrust«<l  to  three  well-tnown  musi- 
cians of  Boston.  Mr.  Charles  L.  Capen  (piano),  Miss  E.  M. 
Terrintfton  (piano)  and  Mr.  A.  van  Kaalte  (violin).  I  am 
fjlaii  to  express  my  apprwiation  of  lhi>i  interest  in  the  under- 
taking displayed  by  these  artiste,  and  my  thanks  for  their 
skillful  co6i>ei'ation. 

The  whole  eompany,  i>erformer8  and  audience,  began  the 
evening  in  a  very  sceptical  frame  of  mind  re^^arding  not  only 
the  value  of  any  data  which  might  be  obtained,  but  even  the 
posHibility  of  carrying  out  HUch  a  test.  The  result  l>elied  our 
forebodings.  The  method  of  inquiry  proved  a  practicable  one, 
and  there  wua,  I  think,  a  general  feeling  of  surprise  among 
the  listeners  at  the  amount  of  booty  rewarding  their  deter- 
mined efforts  to  capture  the  suggestions  of  the  music  played. 
I  may  be  pt^rmitted  to  express  my  personal  Ixilief  that  only 
very  rarely  indeed  would  it  be  found  possible  to  enlist  in 
such  a  cause  as  much  ingenuity,  candor  and  good-will 
as  was  shown  by  the  snbje(*ts  of  this  experiment.  It  was 
expected  that  several  musicians  hy  profession  would  be 
among  their  number,  but  as  it  turned  out  the  audience  con- 
sisted entirely  of  amateurs.  A  lin-ge  minority,  if  not  a  ma- 
jority, of  these  wen?  without  special  skill  on  anj'  instrument; 
a  few  were  distinctly  non-musical  in  the  sense  of  having  no 
marked  endowment  of  musical  ear  or  memory;  but  there 
were  none  present,  I  think,  who  were  not  capable,  at  least  at 
times,  of  enjoying  and  feeling  music  deei>ly. 

The  work  of  tJie  evening  consisted  in  obtaining  answers  to 
fourteen  questions  based  upon  tiiirteeu  selections  of  music, 
one  being  the  subject  of  two  questions.  Nearly  all  of  the 
pieces  were  played  more  than  ouce,  some  several  times,  and 
although  they  succeeded  each  other  almost  without  intermis- 
sion, except  for  putting  the  questions  and  making  ne<ressary 
explanations,  the  ex|»erinient  lasted  without  any  relaxation 
in  the  interest  of  the  participants  from  eight  o'clock  until 
about  midnight.  Twenty-eight  notel)Ooks  were  the  result, 
sixteen  contribulfHl  by  gentlemen  and  twelve  by  ladies,  the 
former  being  imlicated  in  the  transcription  below  by  Roman, 
the  latter  by  italic  capital  letters.  Each  listener  replied  on 
an  average  to  alwnt  three-quarters  of  the  questions.  The 
contents  of  the  nolel>ooks  here  follow  (one  written  in  German 
is  translated)  appended  to  the  several  questions,  with  ewhof 
which  is  given  the  particulars  of  the  music  to  which  it  refers 
and  the  exprettsion  of  opinion  on  which  it  was  fonmled.  Two 
of  the  selections  were  fragments  of  elal)orate  concerted  com- 
positions, and  as  it  proved  that  the  suggestion  of  these,  which 
alone  could  )m>  giveu  by  the  piano  and  violin,  did  noi  afford 
sufficient  basis  for  judgment,  they  are  not  here  reported  ujton. 
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As  one  of  them  w:is  the  subject  of  two  qnestions  the  following 
transcription  consists  of  tii**  i-epliet*  to  elev«a  qiientions  on 
eleven  diflerent  wiei'tious.  Thesp  ar**  all  either  piano  com- 
positions or  melodies  written  for  the  voice  with  or  without 
aceoinpaniment.  The  uotes  are  given  ua  they  were  handed 
in  at  the  close  of  tlie  evening,  with  changen  (to  carry  out  the 
intention  of  the  writer  either  evident  or  since  ascertained)  in 
perhaps  not  more  than  a  score  of  words  in  all.  The  selec- 
tions are  understood  to  have  l>een  unrecognized  unless  the 
contrary  is  expressly  stated. 

QrESTION  I. 

Give  any  image  that  is  strikingly  suggested  to  your  mind 
by  the  course  of  the  following  piece. 

Beethoven.  Plaooforte  Prelude  la  F  Minor,  Ubear«  no  opneo umber, 
baC  Id  tbe  Breltkopf  and  Iiartel  edition  of  Beelhoveo's  Works,  U  No. 
Ifl5  In  Series  13,  "  Kleloere  Stttcke  fUr  das  PUnaforte." 

To  the  writer  lis  character  U  that  of  an  uuendliig  contest  with  an  op- 
potltioa  that  bars  fvery  advance.  It  is  an  attempt  to  hew  a  vray 
through  adamant.  Wc  could  fancy  ourevlvefl  llnenln^  to  the  llrelesift 
dialectic  of  »  medUu'val  pchoolnian  on  »onie  tranHcfndental  thesis,  or 
even  admitted  to  the  mind  of  a  raclancboUac  eternally  resenting  mUer- 
les  eternally  visited  upon  hirn  afresh.  Dry  and  gloomy  energy  doing 
doughty  deedii  to  no  purpose  U  to  uie  the  burden  of  the  plec«.  Piano 
Bolo. 

Answers  to  I. 

A.  The  swaying  of  the  treelops  in  a  moderate  wind;  weird  songt 
are  sung  beneaih  the  tn^es. 

B.  A  country  church  appeared  to  nie;  the  music  formed  the  chimes; 
the  Rurroundlnf  ecened  were  fcravc  or  gay  as  the  mu»ic  became  9low  and 
soft  or  fast  auu  loud.    As  It  died  away  a  funeral  train  »eemed  pa&slng. 

C.  No  Image.  'J'echnique  (not  of  performance  but  of  comi»o«iiion) 
entirely  covers  up  the  n.*<itbetic  effect.  I  cannot  help  being  lost  In  the 
Bequence  of  the  strain,  especially  on  an  Instrument  of  percoFSlon  tike  the 
piano. 

D.  At  first,  orfranlst  seated  at  organ  In  church,  then  a  change  at  end 
to  twilight;  a  large  hall ;  a  man  who  has  felt  sorrow,  yet  feela  the  gran- 
denrof  life  alx)ve  all.  improvises;  a  love  sadness. 

E.  Plunge  of  a  torrent  in  the  woods;  then  children's  feet  dancing  as 
the  key  changes ;  futiburst.  Thenceforward  the  piece  gets  more  dra- 
matic, fnriuiug  a  sort  of  tumultuous  dialogue  or  inward  dilemma  vf 
affirmation  and  negaUon.  It  rolls  on  some  practical  moral  decUion.  and 
with  moments  of  peace  or  weary  diversion  it  ends  in  a  sort  of  forgetting 
calm  without  particular  triumph. 

F.  A  hymn  of  thankiulness. 

H.  PerttiAivnt  struggle  with  rather  mild  difficulty,  e.g.,  walldng 
through  a  wood  with  thick  underbrush. 

1.  (.'hline  of  church  bells;  bright,  suony  morning;  gathering  to 
church;  in  church;  entry  nP  minister;  hu-ibed;  mlaister  rli^es;  ready 
for  service;  last  stroke  of  ohimets. 

J.  The  rolling  up  of  breaker  after  breaker  on  the  beach  with  the 
sound  of  more  ili-itaut  rollers  lu  the  lulls;  or  the  dying  awiiy  of  a  siortu. 

K.  This  is  a  fugue.  Fugues  always  suggest  to  me  the  beauty  of  oi^ 
ganltm,  the  universal  not  being  built  out  of  an  accreUon  of  particulars 
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Irat  reveallDf^  Itself  in  snbtle  reUttonti  amonf^  them.  The  complexity  of 
law.    The  efl^^eutialntt.ig  of  Mdoeaii  to  )iH{)pine<).4. 

L.  A  g^reat  strife  aj^tln^t  sometliintc;  a  floal  enuqaering  of  thU 
■omuthlof;  unci  thca  rest.  This  Krlfc  fteems  to  rciurn  at  times  and  is 
then  quieted ;  flnaily,  near  the  end  h  burst  of  it  and  theu  the  quiet  clos- 
log  bars. 

M.  Saggeats  a  life  tolltag  on  throoffh  disappointment  and  straggle, 
until  at  laat  peace  coined,  a  |>eace  of  wttieh  thi^re  had  t>een  momentft  of 
anttoipatioo.    Xot  a  brilliant  or  a  promioeut  !lfe. 

N.  Tlie  resolQte  wlf-poRseaslon  of  the  pn>oe*s  that  la  going  on  sng- 
gests  at  once  sotuethlog  very  much  allve^  very  free — a  nature  force 
in  fall  pOBBesBion  of  its  own  world:     Sie  eDtlftast  aich  frel,  Lhrer  setbH 

ganz  sicher^  says  Hegel  of  the  /dM,  when  It  passes  over  Into  Satur.  I 
ave  a  Benae  that  a  water^procesa  would  be  the  scene  most  naturally 
suggested.  Scene,  however,  not  complete,  but  waves  on  water  most 
probable. 

O.  A  ratlier  distinct  idea  of  a  workman  making  something  by  strokAi, 
as  a  smith.  There  U  hIho  a  fet* ling  that  he  Ih  tn  a  la/y  mood,  as  if  the 
afternoon  sun  were  Btreaming  in-     The  work  U  pJeafiAnt. 

P.  Church ;  opening  voluuury.  Religious  cheerfulness.  A  religious 
dance;  measured  movement  of  hand^.  Or.  somewhiti,  a  brook  tumbling 
along  over  a  stony  bed.    The  suggestion  of  a  yearning. 

A.    (Bach.)    A  ship  approaching  end  nf  voyage;  all  tension;  haven. 

C  It  (the  piece)  seemed  to  me  to  embody  the  progress  of  a  moun- 
tain stream  on  its  course  from  tlie  hills  to  the  plain,  flowing  among 
rocks  over  many  obscai-'tes,  under  the  forest  trees,  with  the  quiet  and 
deep  rcpo.ie  of  the  wild  wood  pervading  all.  This  wa<}  the  only  image 
that  occurred  to  me.  The  tnieosliy  of  the  stillness  of  the  wood  wai 
most  prominent. 

D.    Persistent  effort,  reftultine  in  serene  progress. 

S,  A  perpetually  struggling  olrd,  Qyiug  up  and  beaten  back  by  the 
wind. 

F,    Beating  of  the  waves  upon  the  rocks  In  the  reccdlnc  tide. 

O.  Storm  wind;  agitated  sea;  dashing  on  rocks  or  through  pines; 
Increasing,  then  gradually  subsiding.  A  rock-bound  coast  with  weather- 
beaten  woods,  ntoatly  pines. 

Spiritual  vision:  Strong  emotion;  unrest;  doubt;  gradual  peace, 
though  not  Joy. 

H,  The  fast  part  makes  upon  mc  the  Imprecision  of  a  scene  of  fare- 
well, and  I  st-em  to  see  the  departing  frieiul  dUappe«r  beyond  a  hill. 

/.  Dark  clouds ;  storm.  An  old  German  church  with  a  ouggestlon  at 
the  close  of  a  funeral  service  over  some  great  and  heroic  character.  A 
feeling  throughout  as  of  a  strong  resounding  sea  against  a  frowning 
coast. 

J.  A  controversy  or  argument  between  a  man  and  a  woman,  ending 
Id  a  great  peace. 

K,  The  incoming  tide  dashing  on  the  rocks,  with  Intervals  of  quiet 
ebb. 

L,  Church  muVie;  ofTertoire;  also,  organ  playing  while  waiting  for 
a  wedding  parly ;  cheerful,  and  not  too  joyful;  serene;  bI»o.  the  sugges- 
tion of  hearing  the  organ  playing  Inside,  while  outside,  la  the  summer. 
(Bach.) 

Question  II. 

The  two  melodieM  to  Ik»  play(?d  are  Baid  to  be  in  a  oertain 
reepeci  oiiiwsitu  in  clianw^Ksr,  What  particular  form  ol  oon- 
trast,  if  any,  do  they  in  your  opinion  embodyf 
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First  eight  bars  of  "O,  mlo  Fernmido,"  sria  from  the  third  act  of 
Dnulrettri*  I-ft  Favorlra,  and  (Irst  five  bars  of  •■Durth  die  Wfllder,"  aria 
from  the  fiiTt  act  of  Wet>er'8  Der  Frel^chutr.  lu  "The  Power  of 
Sound"  (lx»ndon.  lt^sO),  p.  108,  Edumud  Guruey  fljiplles  to  the  melody 
from  Ia  Favoiiia  the  wordR ''flNe<.'td  feebleness,"  **n<i  to  that  from  D«r 
Frel9cfatitz  the  phrase ''  eerenely  and  lastingly  fair  aud  Btroog."  Vlo- 
linsolo. 


ANBVr^SB  TO  II. 


A. 


Or, 


(2.) 
(1.) 


E. 

(20 
auraber 


H. 


(1.)    Ad  expresfllou  of  sadness  and  love. 
(3.^    Llght-oearted,  triumphant  affoetiou. 
(1.)    Llebesweh. 
(a.)    Frende. 

B.  Deppalr:  a  plea  for  mercy  versus  relentlesp  tilumph. 

C.  Distinctly  opposite;  fomethiug  like  yeariiliif:  and  ftatUfaction 
(Is  the  same  range),  or  doubt  aud  a«»urauce  (iu  the  eame  range),  or 
anxletv  and  relief. 

D.  (1.)     Heslgnatlon. 
Gaiety  with  a  touch  of  something  else.    Or. 
A  gray  hnlred  woman  sitting  at  a  window. 
Some  touch  of  laughter. 
Plaintive,  luoklng  to  pa»t. 
Joyous,  looking  to  future. 

1  seemed  to  me  at  flrst  to  express  a  uoble  regignalion^  but 
later  1  was  uncertain  whether  longing  was  uot  more  strongly  there. 
F.     (1.)     A  farewell,  or  a  regret. 

(2.)    A  greeting,  and  an  expreeslou  of  delight. 
(1.)    Plaintive. 
(2.)    Joyous. 

The  flrPt  piece  Is  poetic,  melancholy,  moon11j!;ht  maslc.    The  seo- 
ODd  Joyous,  though  wUh  a  ceriaiu  8erk>ut>ne»^,  and  i.<  full  of  sunlight. 

1.    The  tirst  melody  wa»  sad,  depressed,  longing,  regretful,  relaxed 
body.    The  second  was  joyous,  buoyaut,  expectant,  up  and  doing. 
J.    Sorrow  without  hope.    Sorrow  with  hope. 

K.  (1.)  The  daughter  of  a  Teutonic  chief  pleading  with  a  Roman 
general  for  her  father's  life. 

(2.)  Triumphant  leader»hip;  command.  Contrast:  Tlie  earnest 
seeking  of  an  e^siieiuUlly  (ot-ble  nature,  and  the  joyful  success  (n  attain* 
ment  of  u  nature  that  \»  strong. 

L.  There  Is  a  aen^v  of  unsatUfled  longing  about  the  first.  The  seo- 
ond  seems  vigorous  and  full  of  hope.  The  first  is  dependent,  the  sec- 
ond inde|)eiidcnt,  In  general  effect. 

M.  Flr^t  selection  reminds  me  of  moonlight  on  the  oceftn;  calm;  a 
small  boat  rowed  slowly.  Second  suggests  a  sparkling  breese;  in  a 
sailing  boat.    (,N.  B.    I  am  fond  uf  the  water.) 

N.    The  well  known  quotations  from  two  poems  of  Browning  at  oii«« 
suggest  themselves  as  clinractcrlzlDg  the  eouira(>ced  moods. 
(1.)    "That  w«s  1  you  beard  la-it  night, 

•  a  •  •  « 

Serving  most  with  none  to  see.*^ 

(2.)     **  8o,  I  shall  see  her  In  three  days 

And  Just  one  night,  but  nights  are  short,** 

•  •  •  •  •  • 

[Tlie  two  pocm^  are  those  entitled,  **A  Serenade  at  the  Villa,"  and 
*'  In  Three  Days,"  In  the  Dramatic  Lyrics.] 

O.  Discouragement:  confidence.  Doubt;  gay,  nonchalant  parpoite. 
The  contrast  is  not  very  definite  In  my  mind;  strong,  but  vague. 

P.    First  melody,  plaintive;  gently  sad,  as  of  a  lover  leaving  hU 


(10 

(a.) 

C.  (10 

(3.) 

D.  (1.) 

if) 


J, 


mistress,  or  a  poet  who  U  codscIour  nf  mlutlaf;  his  ideal,  or  a  fflrl  leav- 
inj;  home  to  go  to  achool.  8econd  melody,  vigoroas  ebeerlness;  maaly 
BatlsfactiOD ;  a  certalo  Joy  aud  sprloglaess. 

A.    (10     Pathos;  sadneDs  with  hope. 

Allegro;  cheerfiilDess. 
Self-coDtroHed  emotion. 
Impetaoelty. 

Looking  backward  with  sadness  and  regret. 
I>x)klDg  back  ou  happiness. 
IT.    Ilie  flrst  sutcK'"^^'*  &  wundering  about  In  dark  places.    Tbe  sec- 
ond, a  buoTant  ^prinir  upward  into  regions  of  light.    The  shallowoesa 
of  both  strivings  i»  (vlt. 

P.  The  flret  expresses  hesitation.  The  second,  resoiatlon  or  achieve- 
ment. 

Q.    First,  a  petition,  as  of  one  doubtful  of  the  favorable  response,  but 
beseeching  a  hearing;  not  devotional,  but  human,  as  of  a  lover  and  hU 
mistress.    Second,  a  reply— not  of  a  love-lorn  maid,  but  cheerful  and 
slightly  upbraiding. 
M.    (1.)    Evening  peju:e. 

The  freshness  of  morning. 
Quietude  of  soul. 
An  awakening  to  new  energy. 
Sentimental. 
Lively. 
The  first  Is  seeking,  the  second  expresses  attainment. 
A  contrast  as  Lf  a  mood  of  somewhat  sad  meditation  beneath  the 
sighing  pines  were  cast  off  and  serene  Joy  took  Us  place. 
L,    (L)    Serenade;  hopeful. 

(3.)    Window  openSf  all  la  Joy;  he  feels  she  cares  for  him. 

Question  m. 

What  IK  the  main  impression  produced  by  the  following 
passage  taken  as  a  wholet 

Beethoven.  Ptano-forte  Sonata  In  D,  opus  38  (often  called  the  Pasto- 
ral Sonata,  but,  It  Is  said,  without  warrant  from  the  compo-wr).  Frag- 
ment of  the  allegro,  beginning  with  the  77Lh  bar,  and  ending  with  the 
125tb.  According  to  JSdmund  (Jurney  (Tower  of  Sound,  p.  ltJ9),  this 
passage  ^'  affects  tbe  inner  sense  with  a  compulsion,  a  concentrated  pas- 
sion o^  movcmcitt,  so  overpowering  that  I  scarcely  know  Itx  pamtlel  in 
music ;  the  four  bars  break  Id  tbe  mtdUle,  making  tbe  swlog  of  the  mo- 
tive, as  It  recurs,  aeem  more  than  ever  resUtlesB."  The  allegro  was 
plared  from  the  txigiunlng  up  to  the  l.lttth  bar,  the  attention  of  the 
aotuence  being  especially  called  to  the  passage  remarked  upon  by 
Oomey.    Piano  solo. 

ANaWEES  TO  lU. 

A.  Joyful  contentment. 

B.  The  piece  brought  to  my  mind  a  girl  half  talking,  half  ilnglDg  to 
herself,  eoalsg  with  a  careless  laugh. 

C.  Veryvagne;  bniaomething  like  the  Joyous  feeling  of  oat  doorSt 
with  Its  invigorating  and  cheering  iufluoncex. 

D.  It  suggests  the  opera;  the  orchestra  works  to  a  mild  climax ;  not 
the  graud  climax  of  the  whole.  A  woman  sings  one  of  her  ^rf<  songs; 
a  touch  of  feeling  ending  with  the  cttstoinary  runfl. 

E.  Noble  joy  on  a  terrace,  etghteeoth  century,  people  In  pearl  color 
and  powdor  dancing  It ;  then  the  piece  loses  that  date ;  the  Joy  appean 
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bued  on  an  astured  good  impatlenUy  looked  for  In  the  rapid  runolog 
pftMaicea,  aud  the  reasons  of  the  certainty  of  Its  coming  rather  triompb- 
antly  laid  down  In  the  staccAto  (haropB. 

The  above  describes  the  whole  piece,  not  only  the  termination. 

F-    The  coming  of  itpring. 

6.  SuuestB  a  uieUidy  In  one  of  .SaUlran'e  operas,  perhaps  lolan- 
the:    **  I  neard  the  witch  remark,  etc/* 

H.  Impression  very  slight;  mild  progress  and  eacceas;  mns,  tome, 
are  mf^anhiglesa. 

I.  Soug  chorus;  jaant  on  the  cars;  Ringing  to  the  beat  on  the  ralla; 
no  deep  emotion. 

J  Gave  me  a  feeling  of  light-heartednespi.  such  aa  one  In  perfect 
health  haa  In  the  early  morning  of  a  beaatlful  day;  the  Joy  of  ItCe  and 
nature. 

K.  Renals<!ance  work.  TrivlalaesBof  PnrroHiidlngp  ;  floaneeddreeaea, 
hftlr  powder,  coata  with  long  Btdrts  silk  lined,  elaborate  walking  sticks, 
— and  human  hearts  beating,  life  real  In  tt  ail. 

L.  llilt*  (nr  i^oiiietliliig  that  ^uggeata  It  strongly)  la  familiar  to  me, 
and  as  I  have  entirely  tuuterlal  associations  with  It,  I  cannot  disconnect 
them  ftom  the  mu^ic'.  As  far  as  I  can  do  no,  it  Recma  at  first  a  little 
trivial,  becoming  then  more  serious,  with  occasional  outbursts  of  the 
trivUl  aide. 

U .  It  puzzles  me.  The  Impression  is  filled  with  charm,  bat  is  ybtj 
difficult  to  aualyze.  Suggests  something  slightly  frivolous.  A  conuc 
opera? 

N.  Beethoven  *^  Pastoral  Sonata."  My  impressions  are  very  old  and 
personal  as  to  this  sonata.  I  never  found  especially  ** pastoral"  asso- 
ciations, as  such,  til  the  llrst  movement,  although  I  always  tma^ne  my- 
self in  the  open  air,  under  blue  sky.  But  that  is  arbitrary,  'rbc  pas- 
sage In  question  has  purely  religious  context  otherwise  in  my  feeling; 
the  climax  of  a  moment  of  cheerfully  udorlng  resignation,  voluntary 
abandonment  of  flnttude,  with  a  certain  Inalsient  and  repeated  delight  In 
laying  off,  as  It  were,  the  clotlies  of  one's  soul  before  taking  a  very  jolly 
flight  into  the  blue. 

O.     Nothing  dear. 

P.  Dance  of  village  young  men  and  maidens;  pleasant  or  gay  re- 
sponses; mild  abandon. 

A.  A  child  learning  to  walk:  Step  high;  step  low;  faster;  ha-a! 
run! 

S.    Serene  confidence. 

C.    Undollnt'd, 

P.    The  Joyful  consent  of  many. 

S,  Known:  Beethoven.  A  wavering  between  two  desires,  each  of 
which  is  worthy:  now  one  Is  stronger,  now  the  other,  and  the  decision 
comes  nearer  and  nearer.  It  ts  almost  reached  when  the  steps  leading 
tn  decision  all  are  shattered  and  have  to  he  retrui-cd.  The  conclusion  of 
the  whule  nntttcr  \n  a  deolf  Ion  inconsistent  with  the  premises. 

F.    A  vague  impression  of  regret. 

O.  No  clear  tmpresslnn.  The  first  half  brought  a  remembrance  of  a 
peasants'  f^te  In  Brittany;  the  last  half,  nothing. 

II.  The  Joyful  uplifting  of  an  oppressed  soul  that  feels  itself  released 
from  depths  of  anguinh  through  faith  in  a  kind,  heavenly  Father. 

/.    No  impression  other  than  a  urUKlcat  one. 

J.  A  demand ;  a  bitter  dUappoinimeut,  concealed  by  gaiety  and  non- 
chalance sometimes,  but  111  conccnled. 

K.  Rocking  in  a  boat  on  a  dancing,  sparkling  sea;  a(UT0iindIzig& 
cause  a  happy  state  of  mind. 

Ih    No  impression. 


Question  IV. 

The  following  music  has  been  said  to  tell  a  ceitain  story. 
What  dramatic  suggestion  do  you  find  in  itf 

ChoplQ.  Ballad  Xo.  '2,  Iq  F  mnjor,  opu<)  US.  Iq  hU  recoDt  essay, 
^^Dle  Alufttk  uiiU  Ihre  MeWt^r  (traastaced  uuder  the  title  of  *'-  A  Coavei^ 
witlon  on  Muslo,'  N.  Y.  1892),  Uubinaleln  writes  (p.  10) :  "la  it  powU 
ble  not  to  call  In»lruiiient»l  music  a  lan^uaf^e?  Of  course,  it  the  first 
moTCtDUut  be  reodercMl  merely  in  a  lively  tempo,  the  Fiecood  uierely  ia  a 
slow  tempo,  and  tiie  third  merely  In  a  eplrlted  tempo,  the  exocutaut  feel- 
ing DO  necessity  for fartbervxprcpslon,  then  we  might  call  Instrumontal 
music  noo-exprcsslve.'*  and  regard  vocal  music  as  alonu  capable  of 
real  expression.  •  •  •  Another  example :  The  Ballad  tn  F  ma|or.  No. 
9,  of  Chopin.  *'  l»  it  possible  that  the  iitterpnHer  fkhould  not  leel  the 
neceulcy  of  representitsg  to  his  liearers :  a  wild  flower  caught  by  a  gust 
of  wind,  a  caressing  of  the  dower  by  the  wind,  the  rejtiatance  of  the 
flower,  the  stormy  struggle  of  the  wind,  the  entreaty  of  the  flower, 
which  at  last  ties  broken?  This  may  also  be  paraphrased:  The  wild 
flower,  a  rustic  maiden;  the  wind,  a  knight;  and  thus  with  almost 
every  Instrumental  compoelUon."    Piano  solo. 

Answer  to  IV. 

A.  First  hearing.  Two  lovers  are  on  shipboard  ftod  their  bapplD«M 
U  Internipted  by  siorrn  and  eventual  shipwreck. 

Second  hearing.  'IVo  happy  lovers  are  sailing  over  aiuooth  teas,  the 
ship  Is  attacked  by  pirate<?,  n  ho  are  beaten  off.  A  fierce  storm  arises,  the 
ship  bearing  the  two  lovers  is  destroyed,  and  after  the  storm  the  sun 
shines  Bgaiu  upon  the  sea,  now  somewhat  calmed. 

B.  The  piece  naturally  suggeste*!  a  murder.  It  opens  with  a  picture 
of  the  assasstu  creeping  nlowly  along  and  you  hear  the  shrieks  of  his 
Intended  victim  when  he  Is  brought  face  to  face  with  bis  slayer.  IIeT« 
the  muAic,  now  MW/I.  now  deep  aud  low,  seems  to  mingle  cries  and  groans 
as  the  deed  U  committed  and  the  man  finally  dies.  'The  asaassto  slowly 
crawls  oiF  again  and  the  lighter  tones  that  are  Introduced  aeera  to  be  the 
onllnary  event!*  of  life  pafislng  on  about  him,  producing  much  the  same 
efiect  AS  the  knocking  on  the  gtttu  in  Macbeth.  At  the  end  the  murderer 
is  by  himself  and  tlie  last  notes  ouggent  regret  entirely  unavaiUug  over 
what  has  happened.     It  endn  with  wild  remorse. 

C.  (Oenernl  Impressions  in  succession.)  Devotional;  storm;  gaiety; 
stormy;  gentle  agntn. 

Absolutely  no  definite  dramatic  saggestiou.  If  story  known  could 
easily  be  made  to  fit,  but  without  that  uo  single  suggetitioo,  not  even 
perhaps  definite  euiotlous. 

D.  It  suraestfl  no  definite  story.  A  quiet  life  Interrupted  by  some 
sort  of  passToD,  back  again  to  the  old  theme,  with  something  richer  in 
the  harmony  of  the  old,  somcthiog  gained  from  the  interruptions. 

Second  hearing.  I  do  not  folly  understand  the  sadnesft  of  the  first 
part,  that  becomes  an  undercurrent  In  the  first  Interruption  only  to 
reappear.    It  might  be  called  a  romance.     In  fome  way  it  suggests 

George  Sand  and  Chopin.     Mr. (another  listener)  tells  me  his 

story  and  I  have  now  the  definite  picture  I  lacked. 

K.  The  thumping  and  haste  of  the  latter  one-third  or  one-half  were 
nothing  to  me  but  intolerably  disnffreenble  noise,  quite  meaniogless.  The 
Aritt  uniform  segment  of  the  piece  was  dellclons  noise,  of  which  the  only 
dramatic  suggestion  was  the  passage  through  life  of  a  rather  rlcb- 
mlndedlysober  and  patient  sort  of  man,  wluione  leg  shorter  than  the 
other.  His  inner  gravity  and  modesty  seemed  connected  with  his 
Umanus.  At  one  point  he  tumbles  ofi'  the  bank  Into  the  water  and 
th«a,  bang !  Is  caaght  In  the  whirlpool  nplds  for  a  long  time  ontU  b« 


566 


QtUiAJH: 


g«ts  oat  nther  wet;  after  which  non«enfte  and  DOlf(«,  bnC  for  the  abort 
gleani  of  sanliv  at  the  vi>ry  end,  which  U  »wmM  but  trrelevaat. 

On  second  be&rtDg  ■rbltritry  eharuoter  of  noisy  half  more  Inferoftl 
than  before. 

F.  Paetoni)  peace;  ludden  alarm,  (why  the  loll  beref)  then  conflict, 
belli,  fire,  night;  and  reftt. 

G.  The  only  part  which  I  reoognlze  U  a  thunderstorm  In  the  middle 
of  the  piece. 

ti.  If  I  had  not  been  told  I  do  not  think  Z  should  have  felt  any  story ; 
as  it  is  the  piece  suggested  successive  batches  of  dolls  out  for  a  morning 
walk;  they  meet  soou  naughty  boys,  who  rip  Lhem  open  and  make  the 
aawdaat  fly;  wild  war-dance  of  boys;  one  lone  doll  golug  home. 

I.  Lutlaby;  mother;  baby;  cradle;  rocking;  love-gentleneu;  good 
night  Cbaugea  to  thunderstorm;  fear;  rain  ceases;  lull&bv  again. 
New  theme  thrust  Into  the  picture;  leads  up  to  a  strong  emotion;  not 
qnlte  tragic;  hope  of  future  for  child.  Xow  grows  traeic,  the  sky  of 
nope  for  the  future  cioudeil;  trouble,  sorrow;  all  maybe  a  dream  of 
the  child's  future  by  the  mother;  confused  gathering  to  a  climax; 
breaks;  envoi. 

It  a  dreavt,  it  (envoi)  U  a  sad  good  night;  but  rather  it  Is  now  the 
narrator  aaying  **  So  It  was,  and  bo  he  died,"  *'  So  it  ended/'  '*  That  wa« 
the  end  of  him." 

Flayed  a  second  time.    Lnllaby  as  before,  storm  ditto,  all  as  before. 

J.  Peace  and  quiet — sudden  terror — violence,  confusion.  At  the  last 
a  climax,  as  of  a  violent  death,  succeeded  by  MIence.  a  hush.  The  main 
Impression  one  of  great  contrasts^  sudden  changes  in  scene.  Human 
strife  breaking  lu  upon  human  peace  and  happiness,  or  upon  the  imiel 
of  nature;  the  whole  rising  to  the  climax;  Increasing  rapidity  and  in- 
tensity of  action ;  the  catastrophe;  the  end. 

K.  A  bare  heath,  or  stretch  of  sand  beach ;  she  remonstrating  with 
him,  who  is  going.  Then  a  battle,  she  seeking  among  the  desid  and 
wounded.     Dido  and  ^neas. 

The  general  form  of  which  the  preceding  are  the  content  would 
be:  The  nad  calm  of  monotony  broken  lu  upon  by  a  catastrophe  whose 
■Qcceeding  waves  overwhelm  the  soul. 

h.  'llic  story  which  first  suggested  Itself  and  which  I  can't  get  rid  of , 
although  it  seems  in  places  Tuconslstent,  is  of  two  persons  at  flrtt 
amlcnble  and  then  qaarrellng,  finally  becoming  reconciled  only  to 
quarrel  again,  llils  seems  (is)  too  trivial  for  such  a  magnificent  thine. 
As  to  the  musical  enjoyment  of  this  selection,  it  Is  very  great.  The 
more  I  think  of  It  the  more  artificial  my  answer  seems,  though  I  have  no 
substitute  for  It. 

M.  Extremely  beautiful,  especially  at  first.  Early  part  suggested 
monastic  life,  as  it  should  have  been,  In  the  middle  ages.  Then  war 
sweeps  over  the  country  and  demoUahcs  the  monastery.  An  effort  is 
made  to  reconstruct  tho  old  life  (whether  It  la  a  tale  regarding  an  Indi- 
vidual or  a  group  I  do  not  know),  but  the  attempt  Is  not  finally  success- 
ful. The  life  then  becomes  confused,  mluglon  with  the  crude  move- 
meut«  of  cruel  times,  and  ends  In  physiciLl  or  moral  battle.  At  the  last 
moment  occurs  a  recollection  of  earlier  pence. 

N.  (My  first  sketch  on  first  hearing  thrown  out  on  second  henrlDg. 
The  first  was  due  to  a  false  reminiscence.) 

The  hero  of  this  bit  of  tragedy  is  In  much  the  same  world  as  PM*a 
lover  In 

**Thou  wast  that  all  to  me,  love 

For  which  my  soul  did  pine, 

[A  green  Isle  in  the  sea,  love 

A  fortref'p  and  a  shrine, 

All  wrt-'sthed  with  fairy  fruits  and  flowers 

And  all  the  flowers  were  mine. 
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Ah,  dream  too  bright  to  Usl ! 
«  •  •  • 

Ko  more,  do  more,  no  more, 

(Such  laoguage  liolde  the  solemn  sea 

To  the  saiiila  tipoo  the  Bhore) 

Shall  bloom  ttio  thuuder  blasted  troe, 

Or  the  Rtriokoij  oaglc  «oar. 

And  nil  my  days  are  trances 
And  all  my  nightly  dreams 
Are  where  thr  dark  eye  glances 
And  where  tliy  footstep  gleams. 
In  what  ethereiil  dances 
By  wbatrlernal  aCreams/'] 

(The  poem  U  called  "  To  One  Id  Paradise.")  Only  he  struggles  more 
fiercely  for  the  lost  love,  has  a  mach  more  Titanic  dotcrmloatioo  to  win 
her  back— but  fulU. 

O.  No  cohfTtnt  story  saggested.  At  first  It  seemed  as  If  a  young 
girl  were  living  a  quiet  pa^^ve  life.  Then  au  external  misfortune,  a 
war  i»erhapB — not  a  gradual  passion  of  her  own — came  upon  her.  The 
rest  seemed  a  tuirt  of  puniuft  and  eftbrt  to  rescue  the  victim.  This  In- 
volves the  sucrillce  of  the  old  life,  which  at  the  time  seemed  dull  and 
•ad,  but  now  seems  beautiful. 

On  second  hearing  it  seems  there  are  three  paoslons  or  tendencies,  a 
solemn  and  awful  one  beside  the  exciting  one.  But  I  can't  define  what 
they  are. 

P.    Hummer :  zephyr  followed  by  storm. 

Or  hymn  williln  h  convent,  and  a  surging  crowd  or  a  battle  wlthoat. 

In  the  soul :  conflict  with  intervals  of  peace. 

A  raging  soul  Itstcnltig  to  a  distant  church-service. 

A.  Fete  champt'tre.     ChlldrenV  minuet — lu  otd  fashioned  ilrcss. 

A  fierce  storm;  thunder,  lightning;  consternation,  dispersion.  End 
of  dance,  gravely. 

After  Interval— a  stately  procession  or  polonal><«,  by  the  same  com- 
pany grown.  A  storm  of  wiirring  pasaions.  Kemlnlaceuce  of  first 
scene. 

B.  DlaappoiDtmeut,  spirited  endeavor,  success. 

C.  The  piece  suggests  to  me  the  fultuwlug  dramatic  situation :  Firm, 
calm,  resigned  acceptance  of  fate  or  future  by  an  earnest  nature  capable 
of  deep  feeling,  though  1»  opposition  to  diiHlre;  met  by  e<(ually  decided 
but  stormy  rcststance  and  expostulation,  on  the  part  of  au  noprlnclpled 
and  ardent  nature,  which  Is  uDiuccesstuI  at  the  cud,  though  uncouvlncod. 
Love  would  be  presumably  the  theme. 

D.  A  funeral  march  or  dirge  for  a  young  girl  chanter!  bv  her  girl 
friends.  A  sudden  contest  and  strife.  I  thought  of  Ophelia's  ilt'Hth  nnd 
Hamlet's  Atniggtc  with  Laertes.  After  long  strife  Hit?  dirge  is  repeated 
aa  If  thought  centred  again  about  the  dead  girl. 

M.  A  life  capable,  sensitive,  forceful,  reeognlzea  very  early  Its  own 
powUblUtles  for  goo<l  and  evil.  l*he  life  Is  a  fair  one  outwardly  and  the 
world  lodges  It  right  in  calling  It  blameleaa;  but  the  world  cannot  tee 
the  inner  mental   and  >iptrtTual  working. 

(I.)  The  f»oul  Its^dir  wcft  hcneiith  Its  own  outer  and  even  Inner  calm; 
and  recognizes  that  there  Is  some  element  hero  that  will  work  harm;  It 
sadly  feels  Its  own  powerless acss,  or  weakness  of  will  to  preveut  the 
harm. 

(U.)  Then  the  thought  of  temptation  with  Its  horrible  significance 
clashes  on  the  soul ;  but  the  anguUh  cansed  by  the  thought  repels  it  at 
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flr^t,  andfceeiis  it  at  a  hovering  dielane(>,  yet  the  soal  knows  thtt  the 
temptation  will  return.  Iti  ttiU  tint  period  the  »oul  knows  that,  meD- 
tally,  U  la  stronger  than  Its  foe;  but  In  the  next  stAge,  the  seal  \s 
weakened  and  does  not  resUt;  It  welcomes  all  the  horror  that  it  hated 
before  and  yields  fully  to  the  delight  of  the  ain, — all  this  mentally. 

So  at  theVnd.  a<i  in  rhe  beginning,  It  ttlll  appears  calm  and  pure  io  the 
judgment  of  the  world. 

F.  It  Is  the  story  of  a  life  beKinning  with  a  happy  peaceful  youth, 
toddenly  broken  In  upon  bj  excitement  and  adventure,  ending  finally  In 
a  return  to  the  quiet,  uneTentful  life  of  the  early  days. 

G.  First  hearing.  Scene,  a  square  in  a  foreign  tovrn ;  cathedral 
Bpire;  belle;  procesBlon  of  prieats ;  organ  muaio:  ent«r church;  euddeu 
furu9h  of  solniers  and  people;  gaiety,  dancing;  hush!  reappearance  of 
prleptt^  bearing  a  bier;  bclU  and  organ  again.  They  pass  on  and  new 
scenefi,  of  varying  cfaarnctcr,  occur;  but  all  en  mastc  and  all  In  the 
same  square.    No  dinct  pt-raonal  drama  of  Lndividuala. 

Second  hearing.  A  something  ominous !  War !  Storm !  a  gathering 
In  frightened  groups.    Ah:    the  bells  again 

B.  I  hear  two  antagonlBtlc  elements  In  conflict— the  bclla  of 
cloisters  inviting  to  tranquillity,  and  without,  the  raging  storm  and 
Rtrlfe  of  men  for  earthly  gain,  where  the  strong  conquers  and  Che  weak 

EQCCUnib!!. 

/.  llie  opening  movement  naturally  Buggesta  a  gondola,  and  that  of 
course  Venice  with  Its  thousand  associations  of  intense  and  varied  life 
and  adventure;  but  It  was  Venice  that  suggested  whatever  ima^^ 
arose  in  my  mind  and  not  the  mualc  especially.  Xaturally  Browning's 
"  In  a  Oondola "  waa  thought  of ;  also  a  atonn, — with  wreck, — and 
returning  cahn,  but  the  iiuilen  calm  of  subsiding  storm. 

J.  Peace  and  war;  peace  Anally.  TIic  first  part  a  mother  soothing 
her  child. 

K.  No  story  Is  suggested;  but  expoBtuIatlon  and  sometimes  en- 
treaty opposed  to  a  vehement  and  impulsive  expression  of  something 
desired  to  be  done  at  any  co^t. 

L.  Practising  church  niuaic ;  old  chants  and  quiet  chorals  Dot  too 
grand,  broken  in  upon  by  thunder-storms;  boya*  voices,  and  almost 
reUef. 

Question  V. 

How  wonUi  you  describe  the  general  mood  which  the 
following  music  is  fitted  to  incite,  or  the  atmosphere  which 
aeems  to  i>ervade  it  1 

Beethoven.    Pianoforte  Sonatii  in  E,  op.  100.    ..Vndante  Holto  cantab- 
lle.    The  theme  alone  without  the  variations. 
It  aaggeats  to  me  a  mood  of  devotional  meditation  (Andacht). 
Piano  solo. 

Answers  to  V. 

A.    I  am  stUI  too  much  under  the  Influence  of  xiiunber  IV.  to  be 
affected  by  this  number. 
fi.    Doubt;  hesitation. 

C.  Besignatlon. 

D.  Peaceful ;  but  sadness  In  It. 

E.  Pensive;  not  paasiouate— and  grave;  not  regretful.  CNothlng 
more  determinate !) 

F.  Prayer. 

6.    Proceeds  from  a  placid  mood  in  the  presence  of  the  sublime. 
H.    Rellgloufi. 


I.    DevocIoQfll  ftceoe ;  not  verj/  rellgloas,  but  dttfoLAed. 

J.    Seriousness,  solemnity,  chouffhcfulDess,  rellj^louB  feeling. 

K.     Reverent,  joyful  worship. 

Stnubure  Oatbedrul;  a  processloa  p&sslos  ulonff  the  lUTe;  a  choir- 
l)Oj  BwiDglDg  a  ceDfior  turns  hU  face  and  looks  at  the  spectator. 

L.    Somewhat  religtouB,  thouKh  it  has  a  shade  of  vague  ODresC  in  It. 

M.     Religious;  suggests  some  Oernian  church  music. 

N.  No  ImpresflioQ  worth  uotln^  btryond  a  general  atmosphere  aa  Ot 
a  calm  lotroductlon  to  a  diguitled  ceremony  ( ?)— This  Interpretation 
aeeuts  doubtful. 

O.  Not  itu re  .-—thought  bUU  about  the  former  ploco.  U  U  rallgious 
peace  and  resignation? 

P.    Tender  &eriou<mesa. 

A.  Religions  expansion;  gratefnl  worship  of  a  toll  free  boajt. 

B.  Seriousness  of  life. 

C.  Tender  religious  melancholy  tinged  with  a  Moae  of  pathetic 
pleasure. 

D.  Placid  retrospect. 

S,    Known.    A  mood  of  comfort  and  endurance  bom  from  sorrow. 

F.  Retrospection. 

G.  Devotional ;  religious. 

S.    Longing  after  a  higher  life. 
/.     iloch,  heilig  und  hehr. 
</.     A  generous  and  complete  nature. 

K,    Self  control  and  the  quiet  happy  feeling  that  follows  ancceaa. 
X.     A  restless  person  waiting  for  some  tAidy  arrival,  trying  to  forget 
himself  In  writing  out  aome  serious  music. 

Question  VI. 

Do  yoa  detect  anything  not  commonly  depicted  in  mnsic 
that  finds  its  expression  in  this  melody  t 

Moznrt.  Nozzfi  dl  Figaro,  CJivatlna  of  Barberina  '*  LTio  perdata"  Id 
the  4th  act.  Ai*cording  to  OusUiv  Knge]  (Aesthetlk  der  TonkoiUt 
Berlin  1884,  p.  134)  Mozart  has  Introdacod  comfe  traits  into  tills  air. 

YtoUa  and  Piano. 

Ansvxks  to  VI. 

A.  A  fading  and  wilting  flower. 

B.  The  wind  crying  through  a  knot  bole  In  the  attic,  at  1  have  heard 
it  tn  an  old  tumble  down  houiie. 

C.  A  very  •lad  humor.  The  Impression  of  oddity  and  pathos  la  dis- 
tinct to  my  mind. 

D.  Indefinite. 

£.    Sort  of  rustic  uncouth  unwillingness  ending  with  consent. 

H.     Seems  to  a»k  a  question. 

i.  She  Is  told  or  diHcovera  Uiat  he  is  not  true;  someone  Intercedes 
and  says  it  may  not  be  so.  She  with  dignity  but  with  flrmnesa  tinctured 
with  deep  grlpf  resents  the  conduct  and  Is  turned  against  him.  (Is  not 
very  defluft*^  in  its  suggestion ;  not  clear.) 

J.  Anxiety ;  weakness ;  as  of  a  crying  child  ;  relief,  as  though  the 
mother  came. 

K.  Not  uncommon  in  music.  Dlaappolntment;  "  Well,  never  mind. *^ 
"  Men  must  work  and  women  must  weep." 

The  pathos  of  monotony  half  felt  la  the  midst  of  the  commonplace. 

M.  Ptainttvelr  beautiful.  Yeuntng  asplratloD?  Cannot  think  of 
any  unusual  feeling  ezpr«ased. 


LUAN  : 


N.  Tlie  only  Impression  would  Eoem  to  me  uo  more  uneomiuou  thta 
any  other.  It  \»  au  impreealoD  of  eomeoue  eeelctoK  )a  hope  and  sadness 
mingled  for  some  lost  thing— whether  a  lost  child  or  a  lost  Utch-key,  I 
can't  HIT.  The  search  grows  more  nainfutly  desnalrinz  and  ends  in 
giving  tne  whole  thing  op.  Even  so  I  have  looked  In  vain  through  all 
my  pockets  for  the  iHst  ulckel  and  found  It  not.  Tlie  search  te  one 
macte  in  grief,  but  there  Is  no  high  tragedy. 

(Certamly  not  consciously  recognized  in  any  way.  nor  remembered.) 

Farentheais  added  after  learning  real  nature  of  piece. 

O.    NotJiing  clear. 

P.  Nothing,  except,  perhaps,  a  moan;  yet  the  like  Is  common  In 
Hoxart,  e.  g.,  In  his  Tito. 

A.  A  sunny  Mark  Tapley-lim. 

B.  Anxietr;  gentleness. 
C    Indecision. 

D.    Questioning. 

X.    An  every  day  custom arlneas. 

&.    Seeking,  doubt,  questioning,  despair. 

M.     A  conversation  ol  lovers  in  questions.     Tenatng. 

/.    Entirely  engrossed  by  the  music ;  no  images  orTrnpresslooa. 

/.    Blindness. 

K.    The  sweet,  stern  character  of  a  noble  woman. 

L.  A  little  child  uilking  to  her  favorite  doll,  telling  her  how  much 
ahe  is  loved  and  begging  for  an  equal  return  of  tlie  love;  then  atnging 
her  oflT  to  steep. 

Question  Vn. 

Handel's  air,  *'He  was  despised  and  rejected  of  men,*' 
from  the  McHsiah,  is  generally  regarded  as  a  musical  expres- 
sion ol  great  sadness.  If  not  dejection.  As  the  saccessive 
pfaxases  of  its  iuti'oduction  are  now  played  through,  indicate 
which  contribute  chiefly  to  its  character  of  melancholy,  and 
why  they  do  so. 

The  notes  of  this  selection  were  exhibited  on  a  placard  In  sight  of  the 
listeners,  the  successive  phrases  being  lettered  as  follows : 

—' i  r'n  n 


■^nf-if 


.5^, 


Of  this  fragment  Gumcy  writes  as  follows  (Power  of  Sound,  p.  273) : 
"  In  the  opening  to  *He  was  Despised,'  the  pathetic  efiTect  Iq  the  sixth 
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bar  of  the  Q  flftt  or  minor  third  of  K  flat,  an  dlstingaiihed  from  the 
major  G  oataral,  whk-h  tniKhl  have  t>«en  a^ed,  fs  instantly  recogulzed.** 
AgklD  (p.  329.) :  ''The  enect  of  the  minor  Intervals  iu  this  melody 
wu  noticed  in  the  chapter  on  Harmony ;  but  the  character  Is  really  art 
In  the  opening  mix  [five]  tmrs  of  the  piece,  before  any  such  interval  has 
oocurred.  Here  the  motion,  2rHve  tbroui^hout,  owes  its  character  of 
Abaolnte  dejection  mainly  to  the  two  Kroaps  of  three  descending  thirds 
in  the  middle;  thetue  receive  a  epeclal  inteotilty  from  the  accents  fHlUug 
on  the  second  of  the  three  chords ;  and  the  pause  after  the  first  group 
emphasizes  the  effect  of  the  reiteration,  as  though  the  power  of  move- 
ment were  gathered  agnla  only  to  sink  to  a  »till  lower  depth  of  depres- 
sloo These  features  present  a  clear  affinity  to  physical  move- 
ments of  drooping  and  collapse.*^    Violin  and  piano. 

A>'8AVER8   TO   VII. 

A.  It  seems  plaintive  and  ftuppllcating  to  me,  but  not  necessarily 
very  sad ;  phrases  h  and  i  are  perhaps  sadT 

B.  'iThe  piece  gives  a  general  Impressioo  Of  tadneu^  rather  than  de- 
jection; of  mourning  thnt  the  past  Is  past,  rather  than  of  fear  for  the 
future  or  regret  for  the  present. 

0.  The  extreme  dejection  begins  with  the  O  flat,  continuing  through 
the  next  bar. 

D.  Phrases  e,/and  h  contain  the  element  of  sadness ;  i  Is  full  of  feel- 
ing; i  and  a  and  i^,  have  the  human  feeling;  the  spiritual  element 
comes  in  the  d  and  c. 

E.  Phrases  c. /,  h  (especially),  pain \  phrase  i  gives  way. 

F.  All  thruagh,  great  dejection,  especially  6  c,  e/.  and  some  notes  la 
A;  but  (query)  waB  It  not  the  wall  of  the  strings?  Would  It  have  been 
•0  on  the  piano  alone? 

G.  Sad  throughout,  hut  especially  in  a,  d  and  g, 
H.    To  me  the  dejection  Is  continuous. 

1.  The  dejection  comes  first  at  6,  next  at  e,  but  a  trifle  leas  here  than 
at  &.  The  climax  is  on  A.  Phrase  i  disappoints  me  as  not  fulfllling 
what  was  required  to  complete  the  dejection.  The  G  flat  In  k  is  the  de- 
cisive note. 

J.  The  two  falling  cadences  like  sighs,  and  the  lost  bar  giving  loay  to 
sadness. 

K.  The  dejection  comes  In  the  first  place  from  the  abruptness  pro- 
duced by  the  short  rests.  The  incompleteness  of  the  short  phrases  6  e, 
«/,  suggests  the  cutting  short  of  the  life,  whose  grandeur  is  felt  in  the 
beantilul  harmony  In  a,  rf,  g^  and  i.  These  lait  form  a  connected  whole 
of  which  the  prc^ouR  are  an  Interrnptlon. 

Iu  the  second  place  the  change  of  key  In  c  and  h  odds  to  the  sense  of 
normal  development  interrupted ;  and  this  Is  farther  carried  oat  by  the 
minor  In  A. 

The  self-restraint  produced  by  the  panse  between  the  second  and 
third  notes  of  the  violin  [which  was  pLaved  as  above  indicated,  and  as 
the  phrase  Is  sung,  and  not  as  It  occurs  in  the  tntr^xluctlon  j  adds  to  the 
pathos. 

Phrases  a,  d  and  g  represent  the  great  soul  struggling  on  Its  course  \ 
phrases  bc^ef^  A,  represent  circumstance,  fate,  the  cutting  ofl*  of  the 
soul's  course. 

t»  Close  of  phrases  a  and  ff,  to  some  extent  b  and  c,  d  and  <.  Most 
of  all  to  me  phrase  h  and  beglnnhig  of  phraae  U  which  seems  to  express 
an  utter  hopelessness.    Of  coarse,  aa  a  whole*  the  air  Is  very  sad. 

H.  Phrases  d  and  g  are  spoken  words  of  sadne««;  the  phrases  played 
by  the  piano  atone  are  sighs;  the  halting  notes  at  the  conclusion  aretho 
culmination.  Tlw  iDtrouoction  of  successive  flats  evidently  causes  a 
part  of  the  cQ^t. 
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N.  Th«  ^*d<>j«Gtion,"  apart  from  the  tempo,  Is  not  murkrd  fo  Cb* 
flTBt  phrase,  appears,  however,  to  ^,  atid  io  the  contract  between  the 
hl^hand  low  phrases.  The  coudading  phrase  Is  oue  of  a  cvrtalo  sor- 
rowfiU  cou»iolaciou.  Xor  Is  the  dcjcctioD  anywhere  without  Its  accom- 
nanTlng  aud  coiilrastitd  uousolatlon,  which  api»ears  In  the  phrawes  low 
lo  the  scale  as  a  oertalo  geatl}'  solemo  ofi^et  to  the  grief.  lu  thu  con* 
traet  lien  the  chief  arc. 

O.  Doclde<lty  at  A.  The  rest  Is  also  sad,  but  k  especially  so;  It  U 
piercing.    Dejection  Is  aot  so  raach  expressed  ia  A  as  sadness. 

A.  Phrases  a  nud  c,  deep  sadness;  d  and  by  tender  compaMlon; 
phrase  A  la  heroic:  phrase  i,  exquisite  pity  (love). 

B.  The  most  touchlug.  the  three  last  measares. 

C.  ImpressioD  of  dejecllou  begins  lu  a,  lucreased  In  d^  stUl  more  In/, 
complete  In  i;  lost  more  or  less,  or  perhaps  I  should  say  diminished,  la 
the  InttTiiu'dlHte  phrases. 

D.  The  passage  d  expresses  dejectloOf  discouragement,  most  power- 
fully. 

S.  The  whole  selection  cootAins  profound  dejection ;  the  theme  Is 
announced  In  a ;  6  and  c  are  the  sorrowful  sugge&tlons  of  the  dufTerer 
that  there  mav  t>e  better  things  In  <<core,  yet  even  here  the  downward 
phrasing  Impfies  that  hoiM^leitHiiess  brlngfi  the  hope  Immediately  dowo- 
ward;  d  marks  the  better  cooclui^ion  of  the  suflerer:  c  and  /are  new 
suggestions  of  hopeless  hope,  nud  o  the  heartbroken  answer  that  the 
bitter faot  remains;  A  Is  the  adiuUsion  of  the  oouucer-«oa1  that  p&ln  U^ 
after  all,  necessary ;  the  Hual  conclusion  Is  one  of  the  deepest  dcpressloo. 

F.  Phrases  b  aud  c,  aud  e  and  A  seem  to  express  s:idne^s,^yet  their 
expression  of  it  would  seem  iucotnplete  If  they  did  uot  lead  up  to  the 
phrases  d  and  g\  but  A  and  i  would,  to  me,  separately  express  the  to&e 
of  the  whole  fragment. 

(J.  The  puigriHucy  of  the  sadness  Increases  with  each  phrase,  4od 
culmuiatea  In  the  Inst  heavy  dejection  and  gloom  at  the  end — ft  gloom 
not  of  anger,  but  ol  sorrow  accepted. 

H.  Tlie  expression  of  deep  Forrow  and  abandonment  li;  accentuated 
at  e,  and,  to  my  feeling,  colmlnates  in  A,  but  after  all,  Is  very  likely  a 
resultant  effect. 

/.  The  phrase  a  Is  not  conclusive,  hat  taken  to  <f,  the  expreesion  of 
dejection  Is  complete?,  without  the  other  phrases. 

/.     Phrase  A,  begluning  with  the  fifth  note. 

K.    Impression  of  saduess  through  the  whole  piece. 

Question  VIII. 

What  single  adjective  best  expresses  to  your  mind  the 
general  impression  of  the  following  masicT 

J.  8.  Bach.  Well-tempered  Clavichord:  Prelude  in  £  flat  minor.  In 
the  *^ Conversation  In  Mui^lc*'  (p.  5.),  Rubinstein  writes:  . .  .  .  *Uhe 
tragic  In  no  opera  sounds,  or  cau  sound,  as  It  Is  heard  In  .  . .  . ,  or  In  the 
prelude  In  E  flat  minor  of  Bach's  '*  Wohl-temperlrte  Clavier.*'  Piano 
solo. 

Akswebs  to  Vin, 

A.  Itellgious. 

B.  Unsatisfactory. 

C.  Tragically  sad.    Widow  of  a  dead  patriot. 

D.  Fanciful ;  full  of  fancy.  Picture:  Twilight;  a  woman  pUflng 
and  dreaming. 

E.  f  M  ?    Kon-Algulficaut. 
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H.    S&d. 

I.    Faneresl. 

J.    InstabUUy. 

K.  Not  Mghtenoni^htrtT^^  fantastic**;  too  mucfa  matter  for  the  merely 
negative  **  dujolnted.'"    Whimsical. 

L.  iDteresttiif^,  bat  to  me  uot  particularly  beautiful  or  great.  It 
aeemg  Inoomplete,  more  like  an  Utrodaccloo  to  something  el^e. 

M.    Dl»joliiied. 

K.  This  Iflnd  of  thing  declines  to  be  expresfted  except  aSi  aay,  & 
seraph's  eook,  a  sooff  of  one  excelliog  In  knowledge. 

0.    Funeral  marco? 

A,  Satisfactory. 

B.  Soothing. 

C     Heavily  monotonoas. 

S.  Known.  Mai>f(lve:  the  nusalvencss  of  a  cathedral,  with  (he  deli- 
cate tracery  of  the  frescotug  and  pillar  oruumeutatlou  occuaioually  re- 
vealed by  the  light. 

F.    Gloomy. 

0.  iDtcrcfiClDg  and  dignified;  nou-emotioiial. 

ff,  S<>rIou9  (philoi<ophicaJ),  m^JeaUoaily  elevated — bat  to  a  dlcxy 
height  k  la  Beethoven. 

J,    Languor;  reluctance. 

K.    Contentment. 

L.  FepnagA  after  a  dlsappolutiiient ;  not  oheerleu,  but  serious,  aad 
more  uplifting  than  sad ;  ai  the  same  time  more  or  less  sad. 

Question  IX. 

Can  you  ooiineet  tlie  following  molody  with  any  marked 

type  of  personal  character! 

Mozart :  Don  Giovanni :  Canionetta  in  the  second  act,  sung  by  Don 
Giovanni  to  a  mandolin  accompaniment,  ^'  Deh  vIgdI  alia  fineaira.'"  It 
was  aasumcKl  that  there  would  DO  some,  at  lca«t,  in  the  audience  who 
would  not  recognize  the  song.  It  seems  to  mc  to  bring  out  tho  two 
fundHmeDt.-iI  characteristics  of  a  Don  Juan :  his  powers  of  passion  and 
the  mocking  iudlffertnuce  that  lies  beneath.  Gurney  apeaks  (n.  409)  of 
*' the  half  gay,  hall  tender  gallantry  of  tlie  Guitar  Sung  iu  Don  Gio- 
vanni." Attention  was  specially  called  to  the  conlrnst  between  Che 
melody  and  the  accompaniment.    Violin  and  plauo. 

AK8WEK8    TO    IX. 

A.  Known.    Don  Giovanni. 

B.  A  conflict  of  emotions ;  on  the  whole  the  higher  purpose  Iriumplu 
over  the  baser. 

C.  Known :  but  It  agrees  with  his  character. 

I).  The  violin  melody,  a  child  telling  a  story,  or  ft  story  told  to  ft 
child:  (he  accompaniment  suggests  the  lightness  of  the  whole.  It 
doesn't  matter,  after  all. 

E.  L).  J.  and  Laporello,  nicht  wahr?  No  other  ftisoclation,  though 
I  don't  recall  the  last  part. 

F.  Rollicking  rou^,  the  accompaniment ;  more  depth  of  character  In 
air. 

H.  Somewhat  like  the  celebrated  Don  Juan  Serenade;  a  passlooftte 
plea  shut  In  hi  h  laughing  accompaniment. 

1,  Mountaineer;  Dunier.  Tms  was  written  before  I  noticed  the  atr. 
Don  Giovanni  Serenade. 

J.  An  earnest  character  with  ao  uuderlying  current  of  light-hearted- 
neas.    One  who  thoroughly  realizes  the  lerlous  side  of  UfOf  bat  who  Is 
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by  Datnr«  an  optlinUt  and  canoot  entirely  repreas  a  natural  ioyousneaa. 

K.  David  lUzzlo.  A  combination  of  a  Watteau  abepheraesa  and 
PrUcUla  MulllDft.     Marie  Baihklrteeff. 

L.  A  perfion  of  merry  tempf  ratneDt,  but  at  Tbe  some  time  of  serious 
Intent,  riie  ruonluK  aocompanltueut  givei  tbls  merry  trreapondbJe 
character  to  It.  The  air  on  the  tIoUd  1r  more  serloas,  though  at  times 
quite  merry  It^eU,  and  also  occasioriHlly  i^entlmenta,!. 

M.  A  fashionable  or  frivolous  chHra'cter  with  a  deep  undercurrent  of 
sincerity.  This  Idea  did  not  come  until  attention  had  been  called  to  the 
difference  between  accompaniment  and  violin  melody. 

N.    Beyond  tbe  impresBlon  of  the  tempo,  nothing  expressible. 

O.  Isn't  [bis  Don  Giovanni's  SereoAde?  The  feeling  Is  In  the  aUr.  the 
vIlIaiDy  In  the  accompaniment. 

A.    Levity ;  amorous  sentiment. 

C.    Frivolity,  and  the  earnestness  really  In  the  character. 

S,  Known.  This  does  not  suggest  one  particular  type  of  character, 
unlets,  perhaps,  it  Is  the  double  clukracter  of  frivolity  with  a  steadying 
strain  ox  serioDsnens. 

F.    The  contradictory  character  of  a  young  woman. 

0.  A  complex,  fa»c-infttiiig  woman,  amid  gay  surroundings ;  or,  a 
grave  and  thouglttful  wumuu  wearing  a  smiling  exterior. 

5.  Known.    Don  Giovanni. 

K.    Known.     Don    Giovanni.     Flippancy,  or    better,  playfalness, 
feigned,  concealing  a  sad  heart. 
X.    Known.    Don  Giovanni. 

QUESTIOK   X. 

Of  what  race  should  you  think  this  Bong  a  product,  and 
why! 

"  Der  Rothe  Sarafan.*^  Ruaslao  popular  melody.  It  has  to  my  ear 
the  mnnotonous  .s<idne88  of  the  plains  whence  It  has  come.  There  la  a 
terrible  faopekii^ness  In  U;  it  seems  an  echo  of  immemorial  misery 
t>orue  with  resignation. 

Violin  and  piano. 

Answers  to  X. 

A.  English. 

B.  The  softness  and  the  rather  languid  air  about  It  betoken  a  soutb- 
em  nation^  and  (  should  say  Persian. 

C.  Known;  but  I  don't  see  why. 

D.  English. 

E.  HotheHarafau.    Kusslan,  1  believe. 

F.  Irish;  but  too  pathetic. 

6,  French. 

H.     German  moonshine. 

1.  Old  English ;  then  recalled  as  Russian. 

J.  German.  The  music  of  a  musical  people,  but  of  the  peaaantry 
because  iimple. 

K.    Central  Germany. 

L.     Teutonic(?).     Have  no  reason.     Perhaps  8]aTonlc(?). 

M.     Engllsh(f)  or  German. 

N.  Don't  know  it.  Talce  It  to  be  South  German,  but  feel  mach 
doubt.    Can  feel  no  assurance. 

0.    Italian? 

A.    German  — simplicity. 

S,    Not  Italian,  nor  German,  nor  French. 
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(7.  A  northern  song,  perfaAps  Norweglau  or  Kus&l&o,  on  accoant  ot 
Its jNUbeilc  wildnt^ss. 

£.  Ocrmno,  becHQ^e  of  fts  Bimplictty  of  feeling.  Xot  Hgbt  enoogh 
for  France,  nor  Bparkllog  enough  for  Italy,  too  much  sentimeot  ror 
EogUnd. 

F.    C«eroian. 

a.    Po*»lbIj  Irish. 

B.  Known.  Russian  popular  song.  The  dplancholy  is  character* 
Utlc. 

J.  German.  Sung  by  a  hotnesiuk  woman  far  away  from  her  native 
land,  possibly  in  Anteriua. 

£.    Untcnown.    Husslan,  because  of  its  undercurrent  of  sadness. 

QrESTIOy  XI. 

Is  the  singer  of  the  following  melody  a  man  or  a  -woman, 
and  ont  of  what  emotional  experience  woald  such  a  song 
be  bom  t 


Bizet.  The  song  of  Carmen  In  the  third  act  of  the  opera,  over  the 
cards  that  foretell  her  death  :  *'  In  van  per  evltar."  The  aramatlc  situa- 
tion for  which  thlft  «ong  wm  written  fieeme  to  me  to  be  expressed  in  the 
music  alone:  a  woraun  sings  thus  to  tell  herself  that  though  life  la 
sweet  she  must  shortly  die. 

Answers  to  XI, 

A.  A  woman  has  lost  her  husband  In  battle  and  Is  trying  to  console 
herself  while  singing  to  her  young  babe.  Mingled  despair  and  love  tor 
her  child. 

C.  Woman;  disappointed  love. 

D.  Might  be  sung  by  either,  possibly  woman,  ^ggesdon,  the  spirit 
of  Schumann's  "  Ich  grolle  nicht." 

S.  First  hearing.  Either  a  man  pathetically  and  simply  pleading 
to  a  woman  to  have  him,  or  a  woman  tclndly  and  sweetly  saviniE  she 
must  refuse.  S«*<*ond  hearing.  Decidedly  a  woman,  and  decidedly 
pleading,  with  a  longing  yet  submissive  spirit. 

F.  Woman;  a  farewell. 

G.  A  oian  pleading  with  a  woman  who  does  not  reciprocate  hla 
affection. 

H.     Maternal  love. 

I.     Woman;  Jealous  love. 

J.    Woman ;  intense  protestation,  sad,  not  angry. 

K.    Male. 

L.    Woman.    Expression  of  some  deep  passion. 

M.    A  girl  mourning  for  her  dead  lover. 

N.  A  woman  resigns  her  dearest — a  mother  her  son^  a  girl  her  lover, 
—for  a  noble  end,  a  cause  that  demouds  blm;  she  does  not  resign  him 
to  a  blind  fate,  but  to  a  cause.     (Xot  at  all  recognised.) 

O.  A  woman's  sorrow  and  prayer.  It  Is  a  sort  of  •ahUme  calm 
despair. 

A.  A  woman.  A  very  loving  plea  for  reconciliation,  explaining  her 
loyalty  and  faith  in  suffering. 

B.  Man ;  disappointment  and  despair. 
Man;  yeamiog  wlatfOlneM. 
A  woman  who  bos  saffered  sings  because  conquered  pain  Impels 


C. 

£. 

her. 

r. 

0, 


Man;  wrrow. 

A  woman;  bewailing  past  Joys. 
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ff,    Ifl  It  written  for  a  man*s  voice?  perhaps  approaching  death. 

J,    Man;  paseloDate  entreaty  without  avail. 

K.    A  passionate  woman ;  anrequited  affection. 

X.  Woman;  bewails  loss  of  her  lover;  first  wretched,  then  despair- 
ing, finally  experiencing  a  gentler  feeling  and  determined  to  make  the 
best  of  it. 

The  evening  began  with  a  j>erformance  of  the  Andante 
from  Mendelssohn's  well-known  and  loved  Concerto  for 
violin  and  piano  (Op.  64),  on  which  three  of  the  auditors 
took  the  following  notes  : 

C.  First  movemeDts  of  an  undeclared  love;  middle  of  same;  some 
distarbing  circumstances  In  9ame,  followed  by  repose. 

K.  Yearning;  longing  to  go;  attainment  seen  but  recognized  as 
impossible.    Faesionate  pleading— struggle  to  transcend  llmlutions. 

The  motive  to  the  passion  felt  here  are  mixed.  Partly  they  are  the 
Inevitable  conditloi)(i  of  human  life;  partly  the  motive  is  love. 

A.  Education  ethical;  plea  for  puritv  and  generosity ;  Strom  der 
Welt;  ethical  practice  on  broad  lines;  Justification;  peace;  beauty. 

In  ending  the  transcription  of  these  notes  of  the  first  ex- 
perimental attempt  that  as  far  as  I  know  has  ever  been  made 
to  reach  exacter  notions  in  regard  to  the  expressiveness  of 
music,  I  cannot  forbear  acknowledging  again  my  good  fortune 
in  obtaining  aid  of  such  temper  and  quality  in  the  under- 
taking. Not  only  my  thanks  but  those  of  idl  who  are  in- 
terested in  the  more  careful  study  of  the  mental  phenomena 
concerned  in  music  hearing  are  due  to  this  company  of  listen- 
ers for  the  zeal  and  the  frankness  displayed  in  these  acute 
replies  to  an  exacting  series  ol  questions. 

Before  proceeding  to  the  examination  of  these  suggestions 
from  various  music,  let  us  endeavor  to  form  some  idea  of  the 
general  nature  of  the  inquiry  in  the  pursuit  of  which  they 
have  been  obtained. 

To  be  continued. 
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BT  E.    W.  SORtPTURK. 

Toe  Methoi)  of  KEcri.AB  Variation. 

Th«  method  of  mlnirouDi  variation  neeln  to  dotprmlac  that  chango  In 
the  sUmuluawUk-b  produte^  a  minimum  ctmnf^  ill  the  seoRatioD.  For 
thU  purpose  the  Btlmiitua  i^  varied  In  cue  of  it!i  properties  ttll  the 
variation  U  noticed.  This  U  whitt  the  usual  statement  of  the  principle 
aiiiouiils  to  when  we  enlarjce  It  from  the  exclusive  HppllciitiuD  to  the 
intensity  of  the  Btimulus.  In  upplylnfif  thU  method  to  psycbolo^al 
quMtionfi  it  han  up  to  the  present  aay  t>een  changed  in  auuh'u  way  that 
U  can  scarce  be  brought  Into  af^reement  with  the  above  view  of  it.' 

Given  a  stimulus  possessing  several  properties  x,  y,  ;.  I^et  one  of 
these  properties  be  vurled,  o.  g.  x,  while  the  others  are  k(.pt  coostaat. 
We  have  thus  two  ludependeut  variables  x  and  f,  the  varied  property  and 
the  time.  The  problem  Is  to  And  for  what  values  of  x  and  ( the  change 
becomes  noticeable. 

dx 

The  expression  for  the  variation  of  z  Is  — .    Now,  If  for  f  »  0, 
t  ^  Xf,  dt 

and  Id  general 
dx 


where  x^  is  a  given  constant  (In  this  case  the  valne  of  that  propertr  of 
the  stimulus  which  ts  to  be  varied,  or  the  "starting  value"),  and  u  la  a 
given  function  of  («  then  x  Is  dctornilned  fur  every  value  of  t  and  the 
problem  becomes:  for  a  given  value  of  the  property  r,  which  Is  varied 
at  the  rate  ii,  to  determine  at  what  value  of  J-  the  variation  becomes  per- 
ceptible. The  value  of  z  thus  obta-lned  U  called  the  letut  percfpM&Ie 
variation. 
The  variation  ts  likewise  completely  determlaed  when  for  t  =»  0 


dx 


«Dd  1b  general 

--  P- 
df 
where  the  quantltlea  with  the  index  ^  are  given  constants. 

The  quHtiiity  C^as  tbuadeHued  Is  called  the  acceleration  of  thevftfl^ 
tlon.  The  value  of  x  corresponding  to  the  least  perceptible  ctussga  md 
be  called  (h*  itau  p«n$j4(bU  accsterated  variation. 
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In  Rpplylng  ehlfl  method  the  property  x  Is  varied  at  the  rate  u,  first  in- 
crea^ln^  and  then  di^crea^ing.  Thl?  will  give  two  valaes  for  the  leait 
perceptible  varUtiou,  D^  aod  Du,  from  which  we  lake 


!>' 


A  +  i>- 


■  or  D  —  Vi?.  Du 


.  constant ! 


The  qnaottty  Z>,  however, 
variation. 

To  find  the  leaet  perceptible  accelerated  variation  the  IntenBltv  U 
varied,  bat  at  an  acceleratea  (or  retarded)  rate.  The  resolts  are  treMed 
In  an  analogouH  maaner,  and,  denoting  this  quantity  by  A,  we  have 

^.  +  A,  ___ 


A  =  - 


2 


OT  A  =  yAf  A^ 


^  ifl  a  function  of  the  acceleration  U. 
The  Btartiug  value  of  x  may,  however^  take  on  difTerent  values, 

z^y  x^,'\  z^'" Consequently  the  least  perceptible  variation  and 

the  leaiBl  [)eroeptible  accelerated  variation  are  not  only  runctlons  of  the 
rate  of  variation  and  acceleration  bat  also  of  the  starting  value;  thus 

and 

A=f(U,T,). 
Up  to  this  point  we  have  taken  Into  consideration  only  one  of  the 
variable  properties  of  the  stimulus.  In  case  It  has  oiore  tb&n  one  varia- 
ble property,  e.  g.,  y,  r,  the  least  perceptible  varlntloa  nnd  ac- 
celeration of  the  property  z  may,  through  influences  on  tbe  attention, 
etc.,  be  dependent  on  the  values  of  y,  z,  .  .  .  If  we  dlstiaguiah  the  least 
perceptible  variation  and  the  ]ea»t  perceptible  accelerated  variation  of 
the  property  x  by  the  Index  .,  then 

i>,=./(u,  z„,  y,  «,  .  .  .  .) 

Of  coarse  the  least  perceptible  v&rlaUons  oty^t^.  ...  are  likewise 

i>.  =-/(«,«„,  I,  y,  ...  0 


and  the  least  perceptible  accelerated  variations  are 
Aj=f(U,i/t,yX,M,.  .  .  .) 
A,  =/  ( P,  V  jc,  y ) 


If,  with  Wundt,  we  distinguish  the  minimum  variation  from  the  least 
perceptible  variation,  \rc  get  slightly  different  values  for  i)^,  />n,  A^,  and 
A„  (see  Wundt,  Phys.  Psy.  I  350,  Ix'lpitlg,  18^7) ;  in  this  case  the  term 
'*  minimum  variutioii '^  and  *' minimum  acceleration"  are  to  be  sub- 
stituted for  *■'  least  perceptible  variation,"  etc. 

In  the  applications  of  the  method  of  uiinimum  variation  up  to  the 
present  these  quantities  have  been  either  neglected  or  treated  In  a  man- 
ner not  at  all  consistent  with  the  method.  The  usual  method  or  appli- 
cation can  t>e  Illustrated  as  follows:  Given  the  stlmuluB  with  the  varia- 
ble properties  7,  y,  «,  .  .  .  .to  find  the  least  perceptible  variation.  One 
of  the  properties,  i.  Is  taken  as  variable,  the  others  are  made  constants. 
Let  the  startlne  value  be  r„.  This  starting  value  x^  Is  given  constant  for 
an  instant  ami  then  x  Is  reduced  to  0.  This  value  of  x, — that  is.  the 
absence  of  the  stimulus,— is  maintained  for  a  time,  n  seconds ;  then 
another  value  of  ar  l&  given,  e.  g.  2-^  -|-  ^  r,,  and  the  person  experimented 
upon  Is  asked  whether  this  value  is  perceivd  as  dinerent  from  the  start- 
li^  valae  of  x.    IX  not,  x^  Is  again  given  and  after  the  same  time,  n  sec- 
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ODds,  another  value  of  x,  e.  g.  Xy  -f  A  a^,  U  given  and  the  same  queatlon 
ts  ajgaln  asked. 

Tmt  Is  im  entirely  dttTerent  problem  from  the  one  proposed  for  solu- 
tion. Here  we  huve  the  rjui'»ttioD  of  a  jadguient  of  tho  Itkeuesfl  or  difier- 
ence  between  two  siimiili  given  at  two  different  tiniei^,  or  between  a 
Btimulon  Xp  -|-  SXf,  and  the  memortf  of  a  stimulus  x^  which  occurred  n  sec- 
onds before.  The  fact  that  we  are  able  to  judge  with  great  acuuracy 
thU  ItkenesR  between  a  stimulus  aud  the  memory  of  u  stimulus  given  a 
short  time  before  la  not  to  the  point ;  although  that  problem  le  one  of  vital 
Interest  also,  It  is  not  the  same  as  tlie  problem  or  the  least  [wreeptlble 
variation  of  the  stimulus  x. 

I  have  said  that  the  quantities  considered  above  have  been  neglected 
tn  previous  Invesiigatlous.  I  umst,  however,  make  at  le^at  onp  excep- 
tion, namely,  the  original  aud  weighty  essH.v  of  Hull  aud  Mutora,  Derniai 
SensUivrnf^i  to  G^radual  I'rrssure  Changes.  Am.  Journal  OP  PSTCHOLOor, 
1888  I  72,  to  a  study  of  which  I  owe  tlic  ImpuUe  to  a  development  of 
the  method  of  regular  variation  and  to  Its  appHcnltoti  iastcad  of  the 
old  form  of  the  method  of  minimum  variation.  This  i§,  as  far  as  mj 
knowledge  goes^  the  first  time  the  method  has  been  applied  to  psycho- 
logical questions. 

It  Is  my  Intention  to  apply  thU  method  to  a  number  of  the  problems 
of  psychology.  Two  such  iriVf>ttigHtluiifl  havt*  already  bf^u  bt-j^uii,  one 
on  the  faintwt  perceptible  sound,  the  other  nue  ou  the  least  iHTccptlble 
variation  of  the  pitch  of  tones;  some  of  the  qualitative  result?  are  given 
In  the  following  notes.  The  apparatus  in  prepRration  will  admit  with- 
out any  change  the  investigation  of  the  problems  of  the  least  pereeptlble 
variation  of  Intensity  of  pitch  and  of  noises,  of  the  lowest  prrceptible 
tones  with  certain  (not  all)  degrees  of  Intensity,  and  several  others  of 
which  IndKiitions  have  shown  themi>elvea.  A  slight  clmuge  will  enable 
the  solution  of  problem*  concerning  the  len»t  jiereeptible  accelerated 
variation ;  Indited,  the  ditllculty  of  obtaining  a  constaut  rate  of  variation 
Instead  of  an  acceleration  is  what  itrst  called  my  attention  to  the  subject 
of  the  pereeptloo  of  accelerated  variation. 

On  tiie  Least  PEitcEPTiBLR  Variation  op  Pitch. 

Continuous  variations  of  pitch  are  best  obtained  from  the  wave^lren. 
In  the  WHve-sireu  a  constant  bla>>l  of  sir  is  directed  against  the  edge 
of  a  rotating  disc  which  U  cut  Into  waves  so  that  a  vorlatlou  of  the  cur- 
rent of  air  Is  produced  which  follows  the  law 

y  =  a    tin  u  t 
where  y  Is  the  change  la  the  current  at  the  moment  (,  a  U  the  extreme 
vaiue  of  y  and /J  Is  the  vibratlon-iridex.     This  gives  a  simple  tone,  the 
pitch  of  which  depends  on  the  mte  of  rotation. 

One  of  the  clUef  purposes  for  nhlch  the  wave-siren  has  t>een  set  up  Id 
Clark  University  Is  the  Investigation  of  the  sensUivene«s  to  variations  of 
pitch  according  to  the  ntethod  of  regular  variation.  The  researches  of 
of  Helezennf','  Seelwck,*  Freyer*  and  Luft*  havehoen  made  with  continu- 
ally Increasing  accuracy,  but  all  of  them  have  left  out  of  consideration 
the  important  element  of  time.  The  lnilueuce  of  thiin  factor  1^  taken  In- 
to coneideratioii  and  measured  by  employing  the  Improved  form  of  the 
method  of  minlmnm  variation,  namely,  the  method  of  regtiUr  variation. 
'Ilie  arrangements  for  makioe  the  measoremenis  are  nearly  complete; 
*  I  the  maaD  dme  the  qiullutlve  result  hat  already  ibown  ItMlf . 

1     T>n,RRBinfa.M4iiKHrMflur  let  ▼>!«>««  munerlauMdes  aocuda  la  Gamine,  R'-uhii 
4l  lelaMK.d*  Ull4>.  ta>a-ST,  p.  4 

.,  Briu-tiCtf  riir  PttysiolovlwdMOvtjnr-  o.  QolcbtiiliuM*;  0-  Uflbvdio  ' 
k-  n,  arhr  kl«tu«  tJotMWitalMt*  ^*r  TooltOtw  ni  •rkniUMD,  Focff.   Alit 

i  LXVUl  UU. 

a  raBTm.  OraMii  dir  Ttewahnutenuut.  Jra*.  isT«. 

<  Lvrr.  D«btr  <U*  CoMmbladMUUttadiiclilcMi  far  ToahabHk  PIiIIim.   Btii.t 
IV  su. 
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Ab  was  to  be  expected,  the  least  perceptible  variation  tn  '  ' '  of  a 

simple  tone  Is  oot  only  a  function  of  the  pitch  aud  the  iDt<"  :  a\u> 

of  the  rate  of  variation.    Given  a  tone  of  the  plU'h  n  ami  the  luteu^itj  / 
where  /  =  oonatant,  to  flod  the  Just  perceptible  ^u  when  the  pitch  of  tJi« 

cone  Is  varied  at  the  rate  q  =  — .    The  preliminary  experimenta  alnsadj 

prove  that 

1 
Doc  — 

Q 

That  Is  to  Bay,  the  least  perceptible  variation  Increasea  aa  the  rate  of 
variation  decreaaea,  and  trice  wtta. 

Ok  the  Faintmt  Pkhceptible  &oinn>. 

B7  means  of  a  speetally  conatrueted  audiometer  I  am  able  to  vary  the 
intensity  of  any  given  <<outid  at  almost  any  g\veu  rate.  While  pre- 
pariofi;  for  an  eztonslvc  scries  of  measurements  ou  the  least  perceptible 
BOunil  I  came  iurops  the  following remarkftble  fact. 

The  nudiomfter  Is  armuK*^  ^o  that  the  sound  Is  heard  in  a  telepbooe, 
and  its  intensity  depends  ou  the  relative  positions  of  the  primary  and 
secondary  coIU.  v\t  one  point  tlwre  Ia  an  sbsolnte  zero,  that  Is,  the 
plate  of  the  telephone  19  not  set  In  vibration.  As  the  position  of  one 
of  the  colls  is  changed  n  vibrntion  Is  set  up  in  the  plate,  the  amptltnde  of 
which  depcndFi  on  the  ^trcnRth  of  the  current.  If  we  change  the  pori- 
tlon  of  the  cull  sufBoiently  tlie  vibration  of  the  plate  and  the  air  become 
ercat  enough  for  the  ear  to  perceive  a  sound.  'lYie  point  at  which  this 
happens  — that  is,  the  faintest  perceptlblesouml  — depends  on UiesMMl- 
tlveness  of  the  person  tested  and  on  several  other  fiictors,  one  of  wbioii 
has  hitherto  been  left  unnoticed,  namely,  the  rate  at  which  the  thresh* 
hold  i»  approached.  'I^e  influence  of  the  rate  maulfeeia  itself  in  a  peca- 
llar  mHuner.  If  the  relative  position  of  the  coUs  Is  very  slowly  changed 
the  faiutest  perceptible  sonod  appears  at  a  certain  point  where  the 
physical  vibration  nuA  n  certain  amplitude,  which  we  can  denote  brp. 
lli'u?.  when  the  amplitude  of  the  vibration  has  been  changed  fromO  at 
the  rate  of  <;r  units  per  second,  then  the  faintest  sound  perceived  li  p. 
But  a  change  In  the  rate  '^  according  to  which  the  sound  is  varied  from 
zero,  produces  a  change  In  the  faiutest  perceptible  sound  p,  making  Itp'. 
That  l-«,  a  change  in  the  rate  at  which  we  pass  from  an  absolute  zero  to 
the  psyi-hological  zero  causes  a  change  in  the  relation  b*^tween  the  two. 

'llie  apparatus  for  the  absolute  measurement  of  sound  intensities  In 
units  of  work  has  not  yet  been  completed,  m  [  can  not  give  the  exact 
law  governing  the  relation  of  these  quantitiefl ;  but  from  the  experiments 
as  yet  made  one  fact  at  least  can  be  determined:  the  least  perceptible 
sound  has  a  greater  physical  value  as  the  rate  is  Increased.  Judgtag 
from  rough  estimates  I  should  say  that  this  physical  value  varlea  aa  the 
square  of  the  rate  of  change. 

NOTAnON  FOB  IXTEN9ITT. 

Although  the  modulations  of  Intensity  have  been  carried  to  a  gmt 
degree  of  tlneness  in  iiiiisio,  the  amount  of  Intcniiity  in  any  given  CMC 
has  been  left  to  tlie  semi-couselous  judgment  of  the  musician  and  has 
not,  like  the  questions  of  pitch  and  duration,  been  reduced  to  any  regu- 
larly deOned  principles.  In  the  history  of  uiuslc  the  flrst  of  the  three 
dimensions  of  tones  to  push  itself  into  conscious  recognition  was  that  ci 
pitch ;  thereafter  followed  duration,  and  last  intensity.  The  first  com- 
piete  notation  for  pitch  Is  attributed  toQuldo  Aretius'ln  the  XI.  century. 
Three  centuries  later  the  notation  for  duration  was  lotrodaced  by  Jeao 
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de  Uearp.  Natnrally  the  presence  of  exact  nie&n3  of  expression  for 
these  twn  qQAntitic^  utTcrded  opportimity  for  developmeot  iu  the  arllfttic 
execatiun  on  the  ouq  hand  and  for  scleu^itlc  research  on  the  other.  The 
Bubjet't  of  pitch  hH*>  reitL-hed  a  high  degree  of  developmeDt.  The  dura- 
tion of  tones  is  also  a  matter  of  technique  that  has  been  carrUnl  to 
a  great  Aegne  of  precision  in  practice.  alth<»ugh  It  has  been  scarcely  In- 
vestlfcated  scientifically.  The  intensltv  of  tone?,  however,  has  been 
much  ueglpct4><l ;  it  tiiu-i  he  rriufinhen!))  thnt  wc  are  not  siwaklug  of  the 
geml'Conscious  u>*e  of  the  different  degrees  of  Intensity  In  the  execution 
or  composition  of  a  piece  of  mn^lc,  but  to  a  deliberate  use  of  the  flhndea 
of  Intenftity.  In  music  the  consideration  is  confined  to  the  five  vaj^ue 
expresitions,  jT, /,  m,  p,  pp.  In  8».-ieni-e  the  question  ha«  been  treated  al- 
most exclusively  In  relation  to  the  rough  tests  for  deafness.  The  late 
attempts  to  find  a  uicafiure  of  the  Intcn^^lty  of  sound  have  come  more 
from  the  efforts  of  physicists  to  satisfy  the  needs  of  the  specialists  for 
ear  troubles  than  from  any  advance  in  the  music  of  intensity. 

Before  much  Advance  can  be  made,  it  will  be  needful  to  adopt  some  ex- 
pressions for  the  difierent  degrees  of  Intensity  to  remedy  the  Inconven- 
ience and  Inaccnracy  of  the  present  terms.  For  the  present  purposes  we 
can  nnike  use  of  a  system  limited  to  ten  degree-*  of  intensity.  Pitch  Is 
Indicated  by  the  position  of  the  note  on  the  stair,  duriition  i$  shown  by 
the  hook;*  on  the  stems  of  the  notes,  except  in  the  case  of  the  whole  and 
half  notes,  where  a  difference  Is  made  In  the  head  of  the  note.  This 
change  In  the  head  of  the  note  Is  unnecesaary  for  the  indication  of  dura- 
tion and  can  be  employed  to  Indicate  Intensity.  A  very  slight  change  Is 
thus  Decef^ftary  In  the  prf  i^ent  notation  ;  we  can  retain  the  usual  method 
of  Indicating  pitch  nnd  the  usual  stgn<i  for  duration  with  the  exception 
of  the  two  for  the  whole  nntt>  and  the  half  note.  'ITiese  can  be  Indicated 
by  two  lines  «cro»«  the  stem  of  the  orcilnary  quarter  note  for  the  whole 
note  and  one  for  the  half  note.  Conseqaen'tly  the  series  of  notes  as  re- 
gards daratlon  will  be 


reprMenclng  the  whole,  half,  quarter,  eighth,  sixteenth,  tlilrty-secondth 
and  sixty-fourth  notes  respectively. 

Whenever  It  Is  desired  to  write  mnsic  without  regard  to  Intensity,  it 
can  be  done  in  the  same  way  as  at  present  with  the  substitution  of  the 
two  new  «lgu8  for  the  whole  and  the  half  note,  or  it  can  be  done  as 
asuai  without  any  danger  of  there  being  a  mistake  in  the  playing  of  It. 
Moreover  the  eo'mprehenslon  and  tlie  execatlon  of  pieces  In  the  usoal 
Btyie  will  not  t>e  in  the  least  interfered  with. 

The  beads  of  the  notes  in  the  above  example  are  all  the  same;  by  em- 
ploying diflcrent  kinds  of  heads  the  different  degrees  of  Intensity  can  be 
uidicated  without  introducing  new  complications  in  the  notatio'n.  The 
degrees  can  be  Indicated  by  a  series  of  new  signs.  Ten  different  de- 
greea  of  Intensity  are  to  be  represented ;  they  can  he  said  to  st.-ind  In  the 
relations  exprep"#Ml  hy  ihe  numbers  placed  under  thii-Mi  in  following  li^^t: 


Tbc^e  cun  be  ui'vd  as  the  beads  of  notes  directly  on  the  stafl. 

llic  question  arises  of  how  to  name  intervals  of  Intensity.  To  nvotd 
the  confusion,  Inaccuracy,  and  above  all  the  Umltedncsa  of  the  oaioei 
need  for  Intervals  of  pitch,  we  can  adopt  a  simple  system  In  reganl  to 
Inteniity.    An  Interval  of  Intensity  Is  to  be  designated  by  a  fraction  of 
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All  of  the  degreei  ated  at  present  can  be  iadicated  as  well  aa 
more.    Tbe  worth  of  the  nouiloD  does  not^  howerer^  He  In  chia,  but  Is^ 
tbefacc  that  fheaed^ree*  and  dUtlnctioofi  can  be  Introduced  Into  the 
notes  on  the  staff,  thus  maUug  It  poastble  to  maQtpotate  tbe  afe 
latenalty  In  mask  Joat  as  Is  done  with  pitch  and  duration. 

A  CoKSTJiirr  BLAftT  fob  Acol^stscal  PmroaES. 

To'plerand  Boltsmann  In  their  essay,  ^*  UebcrHueneuet^Maeke. 
di'.  ikh\BingHng«n  tfintnd*r  L^/taaufea  n  aiial|WJr«a,"  Pogx*  Ado^ 
CXLI  341,  make  the  complaint  that  It  Is  impossible  Co  obuln  ncoMtut 
pressure  of  air  for  blowi  uf^  acoustical  instruments,  In  spite  of  the  renln- 
eors  that  are  applied.  They  suggest  the  posatbUity  of  using  some  siod 
of  rotary  blower.  In  making  some  experuoents  wuh  organ  pipe^  a  while 
ago,  I  WHS  forcibly  Impressed  with  the  same  dlffloulty,  although  I  bad 
access  to  the  best  kind  of  bellows  made,  namely,  that  of  Cavall^^oi 
AS  made  by  Konlg.  At  a  later  date,  when  contemplating  some  expert- 
meats  on  the  sensltlvenes*  to  variation  in  pitch,  I  came  totheooncluslon 
that  unlciaft  a  fur  greater  degree  of  constancy  in  luteosity  could  be  ob- 
tained, Buy  experiments  on  the  sensltlrenese  to  variatloul  either  in  pit<^ 
or  in  liiteo<>ity,  could  not  be  made  with  the  degree  of  accuracy  neceaaarj 
tn  psychological  ex|>erlmeDt».  'I'he  firti^t  step  was  therefore  to  find  a 
congtant  blast.  After  considerable  lime  spent  to  frultlcRS  trials  I  bare 
adopted  an  arraogemeDt  which  has  proved  r^uitc  successful. 

The  chief  requTslte  is  a  rotAry  blower  giving  a  sufficient  pressure. 
The  blower  giving  the  greatest  pressure  with  the  le^st  expenditure  of 

gower  is  the  Iloot  direct  pressure  blower.    This,  however,  is  iQapplIca-. 
le  for  acoustical  nurposes,  owing  to  the  vibrations  of  the  air  produced  | 
by  the  cams,  whlcn  make  a  deafeiiiiig  nolne   wheu  the  blower   U  runi 
rapidly.    The  dllHcclty  Is  present  to  a  fur  less  degree  in  the  Sturtevaut 
blower.    This  blower  employs  a  blast  wheel  of  a  special  pattern,  soar- 
ranged  aa  to  produce  a  nuiveinent  of  tlic  air  from  the  center  to  the 
periphery.    Owing  to  a  careful  con?lrucMon  of  tlie  fans  the  pressure  on 
blast  thus  produced  has  a  coanancy  bcyoud  any  means  of  measurement 
at  niy  dUpo^al.    Moreover,  the  adj»*tDient  of  the  center  of  graTicyJaso 
good  that  the  whe^l  can  be  run  at  h  high  speed  without  danger.    There 
are  two  disadvantngcs  about  the  blotvcr,  namely,  the  high  speed  re- 
quired to  produce  sufficient  pressure  and  the  produetioo  of  touea  In  the 
blower  when  going  iit  such  h  high  spi'ed.    By  courtesy  of  Prof.  Mlchet-J 
son  of  the  phyt^UMirdcpartnif^nt  of  Clark  University.  I  was  allowed  to  ran  \ 
the  belt  of  the  blower  directly  from  the  drive-wheel  of  tlie  engine,  the  ' 
drive-wheel  being  31  Inches  lii  diameter  and  golug  ut  H40  nwoluUons  per 
minute.    The  blower  used  is  numbered  (XHKt,  simuU  12  inches  high,  Da« 
an  outlet  of  2Hu<^li*'^<  ^i'^  ^  pulley  of  li  Inch  diameter.    Driven  b7 
this  engine  the  wheel  makes  iXKiO  revolatlons  per  minute. 
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To  K^t  away  from  the  noise  of  the  mtichlDery  and  the  toaea  produced 
b}-  the  blower,  a  1)  Inch  pipe  la  run  to  another  room,  where  the  sound 
c&nnot  be  beard.  'T>ie  tfiound  brought  through  the  pipe  Is  so  faiot  that 
it  c&nuot  be  heard  unless  the  ear  Ib  plnced  at  the  opening;  It  thus  doe« 
not  interfere  with  the  use  of  the  blast  In  nny  exi>ennienC-4  yet  tried.  A 
■peci&Uy  made  fan  with  curved  blades  Is  said  to  t^tlll  further  reduce  the 
8oaud  In  some  blowerft  lately  made.  'Vhe  slightDo^s  of  the  eound  pro- 
duced by  the  blower  Ia  shown  by  the  fact  that  in  ruanlng  the  wave- 
alren  from  t)ie  lowest  pitch  up  to  the  highest  obtainable,  no  beata  appear, 
whereaEi,  an  atterapl  to  sing  the  tone  of  the  siren  near  the  nibber  tub« 
connecting  the  mouth-plcce  with  the  main  pipe  at  onoe  canaes  load 
bente. 

With  the  wheel  running  at  the  above  rate  and  at  a  distance  of  66  feet 
from  the  blower,  a  blast  of  10  to  11  centimeters  (1  In.)  water  U  obtained. 
An  engine  such  as  here  used  U,  of  course,  unnecessary.  To  supply  a 
bl»8t  of  12  centimeters  pressure  with  a  dl(*charge  of  60  cubic  feet  per 
minute  would  reiinire  a  speed  of  about  C(XX)  revolutions  per  minute  for 
the  blower  wheel  and  a  motor  of  less  thnn  i  horse-power-  If  the  motor 
has  a  large  drive  wheel  the  belt  cau  be  run  directly  from  it  and  no 
couDter-shafc  Is  required. 

The  great  Importance  of  the  arrangement  here  described  lies  In  the 
greater  degree  of  accuracy  thus  introduce*!  into  psychological  expeil* 
menu  on  hearing  due  to  the  possibility  of  maintaining  a  constant  inten- 
sity. 

Soke  Pstcdolooical  Terms. 

It  is  the  purpose  of  the  present  remarks  to  propose  ^hort  definitlont 
for  a  few  of  the  fundHmental  psychological  terms.  These  deflnitlona 
•re  not.  however,  to  be  considered  as  flxed;  unchanging  definitions  are 
a  sign  of  decrepitude.  They  ought  to  progress  with  the  advance  of  the 
science;  but  at  each  stage  of  development  It  Is  absolutely  necessary 
that  certain  names  should  be  appropriated  to  certain  things  and  that 
everybody  should  clearlv  understand  just  what  they  are  appropriated 
lo. 

One  of  the  most  abused  and  Indefinite  words  la  **  sensation.*'  Bain 
uaea  the  word  to  designate  the  mental  impre*ittioD8  resulting  from  the  ac> 
tlon  of  external  things  on  the  body.  Others  take  for  granted  a  whole  theo- 
ry of  the  relation  betwcou  the  mind  and  the  nervous  system ;  Volkmann 
cells  a  MinAatlon  "the  condition  which  Is  developed  by  the  soul  on  the 
Ion  of  a  nerve-titimulus  that  Is  brought  to  it."    Sully  defines  It  as 

elementary  mental  phenomenon  that  cannot  bo  defined  In  terms  of 

/thing  more  simple,  Its  meaning  being  capable  of  indication  only  by 
a  reference  to  the  nervous  processes  on  which  It  Is  known  to  depend;  ai 
almost  absolutely  nothing  Is  known  concerning  these  nervous  proceatM, 
tt  would  seem  that  the  meaning  of  sensation  cannot  oven  bclndlcnted. 
There  U  another  class  of  definitions  of  which  thU  from  Carpenter  can 
serve  as  a  specimen:  '*  Sensation  Is  that  prlmarv  change  In  the  condi- 
tion of  theconHclotts  mo  which  results  from  som**  change  in  the  non-fgo 
or  external  world.**  The  easiest  way  is  to  shirk  the  duty  of  defining 
the  word  at  all,  as  only  too  often  occurs.  From  the  lack  of  acquaint- 
ance of  the  principles  of  defining  which  le  shown  In  those  that  under- 
Uke  the  Uflk.  the  heslUncy  of  ttiose  who  do  not  Is  readily  nndorstood. 

And  yet  U  ought  not  to  be  so  difllcult  to  agree  on  some  deflulllon.    A 
term  is  a  word  used  to  ropreaent  a  group  of  phenomena,  a  Jeilniiiim  t«  a 
•tajement  of  the  pheuoniona  denoted  by  the  term.    To  avoid  tlic  Impoe- 
•iblllty  of  going  over  all  the  phenomena  denoted  by  the  term,  we  r 
give  a  definition  by  stating  what  properties  a  phenomenon  must  Iai 
order  to  be  denoted  by  the  term,  what  properties  It  may  ooi  ha< 
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what  propertlea  are  indlfTerent.  Uftually  It  U  sutHclent  to  gire  tteM 
MDtlAi  propeittes,  omitting  the  excluding  and  indiffereat  aae*. 

The  crying  neceHHtty  iti  psychology  U  a  t«nn  that  »h«Jl  dcvett 
Blmpleot  mental  phPDOmenoo,  jast  aa  *' atom"  denotes  cb«  aa  jnt  s 
Tided  particle"  oi  matter.  Aa  sacb  a  term  w«  propoae  the  worn  ftaetflf 
Feettiif^'S  would  tlien  b«  defined  as  the  Indlviajble  clementa  of  matd. 
phenomena;  they  are  ai  ^et  ananalyzable  components.  Xotbiu  k 
aatd  of  Che  ret&tlon  to  an  external  or  an  Internal  world ;  no  hjpoSial 
U  lotrmluoed  as  the  naiure  of  miod;  all  that  !»  assumed  are  ttieexM 
ence  of  certuin  phenomena,  called  mental  phenomena,  and  the  pout 
hillty  of  finalvxlii^  them.  The  ultimate  results  of  the  analjafs  may  be 
what  ihey  will,  we  always  have  a  name  for  them;  with  perfection  flC 
methods  sod  apparatus  the  analysis  will  be  poshed  furtber  so  thaz  iriial 
is  tcMlay  regarded  as  a  feeling  may  prove  to  be  a  compound,  uevcrttB 
leM  the  term  hap  a1  wave  the  tiame  meaning. 

Tlie  proposed  definition  la  bv  no  meani  entlnly  new;  In  tact  ... 
word  moftt  freqaeatly  used  to  deoote  simple  mental  phenomena  of  4!1 
Idnda  it  probablT  this  very  term.     It  la  used  in  alnaoeC    thli  way  br 

Spencer.    *'EacnfKeUog is  any  portion  of  oonsdottsneaa  whm 

occupies  a  place  suQlcIenrl  v  large  to  give  it'a  perceivable  Indlvldasllix:*' 
the  definition  proposed  dilTers  from  his  in  not  setting  apart  a  apcdal 
class  of  **  relations  between  feeling?." 

Among  feeliugH  we  fiud  Innumerable  kinds.  When  we  sCt«ai|)C  ts 
class  them  according  to  their  llkeaess  to  one  another,  we  find  semti 
ways  of  arranging  them.  The  most  asoal  way  U  to  ela^s  them  tntotvo 
lots,  according  to  whether  we  regard  them  as  pa^plvelvrexpcrieoc^d  « 
actively  experk'uced.     Here  is  ju:ft  where  we  find  the  thought  that  ti  »t 


I  deti^ 

natc  the  actively  experienced  feelings.  These  mental  elementa  can, « 
course,  be  furtber  cl&9»lried  into  Hsnsations  of  light,  of  sound,  ImpobM 
to  action,  to  InhlbUiou,  etc. 

Terms  for  the  Indivisible  elements  having  been  obtained.  It  becomei 
neceflf>ary  to  have  name?  for  the  compoundi^.  To  dejttgnate  a  psycfafr- 
logical  eompouttd  in  general  I  venture  to  propose  that  much  abntea  awl 
at  pro-tent  indefinite  word  **  Idea."  Tosolblv  this  may  be  Juetifled  brre- 
ferrinif  tu  an  almost  slivilar  ufte  of  the  word  br  Descartes  (See  Soettit 
Grnndbegrifre  derGegenwart,  Leipzig.  1878,  ^). 

Ideas,  however,  accm  to  fall  naturally  Into  two  great  claasea,  aceordlBg 
to  the  preponderauce  of  sensatlou^  or  Impulses  in  their  compo^oi- 
The  former  class  can  be  called  '^  percepts '''  with  scarce  a  departure fitia 
such  a  portion  of  definite  meaning  as  the  namp  now  has.  In  a  oocre- 
Bpondiog  fafibion  the  Ideas  composed  mainly  of  Impulses  can  be  ealM 
*•  volitions."  Compounds  of  higher  grades  can  of  coarse  recel?e  appr^ 
prlate  names. 

The  following  H>«t  of  term?  is  proposed  for  psychological  use  acoori- 
Ing  to  thn  definitions  attached  to  them: 

1.  Feelings  are  the  Indlvifithle  elements  of  wlitoh  mental  phenomau 
are  composed.  Every  fact  of  con*>ciousne^B  that  hns  not  been  proved  w 
be  a  combinatioD  of  other  facts  i^  to  be  called  a  feeling. 

2.  Sensations  are  those  feellngti  that  are  regarded  as  coming  frooi 
without;  they  are  passively  experienced  feelings. 

3.  Thpi:i.res  are  thoae  feelings  that  are  regarded  as  originated  In  the 
mhid  itself;  they  are  actively  exi)erienced  feelings. 

4.  Ideas  are  compouods  of  feelings  of  any  kind;  they  are  the  pty* 
chlcal  unitj). 

5.  Percepts  are  those  Ideas  that  are  composed  mainly  of  eensatlonf. 
6>    VoLmoNS  are  those  ideas  that  are  composed  mainly  of  lmptdsef> 
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IFACIUTIES    rX    EXPERiarENTAL    P3VCH0LOGY    AT    THE 

VARIOUS  GEKUAN   UNIVEK9ITIES. 

Bt  WtLUAM  O.  Krohh.  Pit.  D. 

The  writer  returned  lu  March  from  a  nojoaro  of  nine  moDtlta  on  lh« 
concineut.  From  two  u(>ek«  to  three  mouths  were  speDt  at  each  of  the 
priuclpnl  GcriitMn  uulvcrisltr  centert*.  The  time  waa  occupied  In  a  study 
of  men,  methods  aud  laboratory  eqiUpoaent  at  those  unlver^Ules  enjoying 
facUltlefl  fur  work  In  expertmenul  psychology.  Many  teachers  who 
contemplate  (tt»rtlng  laboratorleit  in  thU  countrr  have  suKgested  that 
we  gtve  information  la  the  form  of  a  printed  article  a*  to  the  apparatus 
u^ed,  tt9  codt  and  vHJue.  We  have  already  done  thi<*  in  ^^veral  Infltaocea 
through  the  ordinary  channel  of  private  corrcflpoudence.  Tlie  present 
article  concenia  appanitu-t  only.  We  hope  later  to  give  a  sort  of  pen 
picture  of  the  men  who  are  now  contemporarlej  la  furDlnhing  the  lu- 
•tmction  In  experimental  psychology  in  the  several  universities  of 
Europe  wlilch  the  writer  ha*  visited  a«»  well  a«  to  pret^eut  the  re«ult«  of 
careful  and  rather  extendid  study  of  their  methods  of  work.  The  time 
was  i^pent  at  Heidelberg.  Sinuaqhurg,  Zurich.  Freiburg.  Munich,  Frag, 
Berlin.  Leipzig,  Halle.  (jottlng»*n  and  Bonn,  In  the  order  named.  The 
longest  periods  were  chodc  at  Freiburg  and  Berlin.  Ac  each  of  these 
unlverMtles  the  labnratoriea  were  cai-efully  Inspected  and  In  some  of 
lh»*in  the  writer  carried  on  exf>erlinental  work.  In  our  description,  for 
aake  of  convenience,  we  will  follow  the  order  given  above.  The 
description  of  the  excellent  laboratory  at  Goitlngen,  however,  much  to 
^oar  regret,  must  be  omitted  from  the  present  article.' 

Heidklbeug. 

Heidelberg  was  vifited  In  order  to  learn  from  Kuno  Fischer  aod 
'^Caoparl  the  real  trend  of  psychology  and  phtlo>topliy  at  the  present 
time,  espoclally  to  ascertain  to  wbut  extent  the  English  Assoclation- 
allsta,  and  more  pantcutarly  Herbert  Speuci-r,  had  Influenced  German 
thoughr.  FiM^her  Is  openly  opposed  to  all  experimental  research  lu 
psychology.  He  rvgard^i  it' as  a  temporary  fad.  a  side  Issue,  an  lllegitl* 
mute  luethwl,  lying  wholly  outiiide  the  main  ntreaiu  in  the  development 
of  psychology  as  a  scieneo.  Casparl  Is  much  more  friendly,  and  reads 
Icciuk'!*  on  erperimenial  psrchology,  but  does  no  taborautry  work,  and 
Pllas  had  no  laboratory  training.  Tu  the  medical  (acuity  belongs  the 
oredU  of  the  projected  laboratory  at  Heidelberg-  Prof.  Kruepeliu  lec- 
Inred  on  "  Physiological  Psychology"  and  snceeeded  In  attracting  and 
. 'interesting  enoufch  uieu  to  warrant  him  In  offering  iu  a  modest  way  a 
course  of  laboratory  instruction.  His  equipment  it  small  and  befalls  to 
alsiingulsh  between  psychological  and  phy^iolngical  experiments. 
Naturally  the  latter  predominate. 

Strassburg. 

At  Strassburg  there  Is  no  parchological  laboratory,  hut  Goltz  and  hU 
•sststant,  Ewala,  have  much  to  show  ttukt  1«  full  of  luierest.  Goltz  has 
a  large  collection  of  animals  — dogK.  monkey^,  pigeons,  salamaudera, 
etc.—  from  which  the  cerebrum  has  been  wholly  or  partially  extirpated. 
Nnwltcre  Is  vivisection  carried  ou  on  a  larger  scale  than  at  Stras^burg. 
Indirectly  there  Is  much  valuable  material  to  be  made  Ufte  of  at  this 
tulverslty.    Ewald  U  Ingenloua  as  a  m*H?hanlcal  contriver.    UU  newly 


*  Tu-  iri»t«i-liLl  ooUmMmI  tor  tile  portion  of  ibe  artlota  oa  tb^  I 
WK-  liuki'M  «--tinM  w«0k»  u<>  U>  a  Miom.wnrk*r,  wIh>  »l*h«d  V 

Irat  spiMracua  eoaiatDod  io  ibfat  IM.  and  baa  noi  bMoreiu:  — 

makefl  hpo'\ngy  to  Pmr^wor  Hniler  a.nA  Pr.  ScfaumanD,  and   proir.L'^»  tn  ^i?e  liuix 
laboraloMT*  Um*  full  ireaiuieut  It  luirUa,  lu  Um  Boat  niuubar  uf  th*  JuL'asAl. 
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Inverit^^d  ehronosoope  Itas  certain  Adviuitage&  over  the   Hipp 
itiid  iA  iniicb  cheaper  (96  fnark»).     It  Is  described  at  ^reat    length 
illustrated  by  two  cuCb  in  a  thesis   by  Otto  Damrcl(3ier.*     Tbef 
siKc  Ib  tlie  more  desirable.    This  little  Inatrumeat  Is,    In 
tt    couutlog  apparatoe    which  records  the  number   of     breaks 
electrical  current  which  passes  thronf^h  the  InBCmment.     A   tt 
fork  that  makefl  a  hundmi  vibratloiio  in  a   second  is    a  very 
venient   and    simple    instrament   for    the    brf^uklng    of     the    curreat 
into  A  nnmber  corresponding  to  the  nnmber  of  vibrations.     Thos  one 
obtains  the  time  to  be  roeasnrcd  expre^eed  In  hnndredthe  of  a  second. 
The  clirouoecope  then  merely  couuts  the  number  of  these  breaks  in  the 
electrical  current,  1.  e.,  the  number  of  vibrations  made  by  the   t^inlng- 
fork.     For  the  purpoj«  of  couDtiiis;  thc«e  breaks  there  is  in  the  ciirono- 
scope  a  little  electro-inacnet  which  moves  a  little  ratchet  in  and  oni. 
This  ratchet  or  tri^K^r  Tn  tarn  moves  a  little  toothed  vriiecl,  wbli ' ' 
possesses  a  hundretl  teeth,  and  on  this  wheel  Is  an  indicator.     In 
way  the  movements  of   tiie  electro-ina^net  which   is  attached    to 
ratchet  are  transmitted  to  the  indicator  bo  that  a  spring  or  welf^ht  Is  i 
necessary.    This  is  one  of  the  most  pleading  features  ol  the  apparattti, '' 
rince  no  wlndinj;  of  clock-work  is  needed.     It  is  bo  arranged  that  the 
toothed  wheel  can  not  be  moved  backwards:,  neither  can  a  stsglo  tootb 
be  skipiwd.    The  instrument  can  never  make  a  false  record.     It  remains 
only  to  flpenk  of  the  way  In  which   the  Indicator  Is  brought   tiack  to 
rero.     The  ordinary  eotn plicated  iirrnngenient  of  a  stop-wat^h   wooU 
not  B«rve  the  purpose  of  I^rof.  Ewuld.     He  h&s   solved   the   probleni  fai 
the  aimplegt  possible  mminer.    The  entire  inner  part  of  the  chrono- 
scope    [electro-magnet,  toothed   wheel,  and   Indicator)    turnft   upon  an 
axis,  while  the  dial  plate  over  which  the  indicator  moves  Is  llxed  and  Ito-. 
movable.     After  each  Miigle  test  oue  can  very  readily  turn   the   wboli 
thing,  indicator  and  all,  back  to  zero  on  the  dial  plate.    The   key    _ 
by  Ewald  in  connection  with  his  chronoscope  Is  equally  lnj^eoiuus.    Itl 
consists  of  A  double  armed  lever  so  arraoged  that  Uie  current  i$  closed  J 
when  one  presses  on  the  button,  bat  opened  as  soon  ati  one  withdraws  the 
finger.     It  costs  30inark»,  and  i<t  Ulustrited  in  Dumrcicher's  paper  a« 
well  as  Msjer^s  catalogue-    Ewald'B  meobaulc,  Majer,  alao  makes  an  ex- 
cellent '*  Indnctorium,"  modelled  after  that  of  l3u  Bols-Keymond,  hot 
somewhat  Improved.     It  costs  from  80  to  100  marks.    His  psendnscope 
should  be  in  every  laboratory;  It  costs  but  25  marlu.    Ewald   has  also 
Invented  a  color  mixer,  which  makes  It  possible  to  vary  the  sectors  while  j 
In  motion.    It  Is  not  only  very  complicated  and  expensive  (200  marks), 
but  also  very  unsatisfactory  as  well.    It  doesn^t  always   work  and  la  ' 
frequently  out  of  order. 

Weuderband  In  his  lectures  pays  some  little  attention  to  experimental 
psychology. 

ZCRICH. 

Zurich  attracts    the  psychologist  mainly  through  Dr.  Forel.    HSft^ 
work  is  chiefly  In  the  line  "of  psychiatry.    In  his  *°Anstalt'"  one  sees 
much  interettting  patliologlcal  brain  matter  —  Indeed  the  best  at  any  of 
the  German  univer^itiec.     Work  in  neurology  and  histology  is  carried 
on  continually  In  a  well  appointed  laboratory,  which  Is  under  the  Imme- 
diate supervision  of  Dr.  Forel.    The  writer  is  greatly  Indebted  to  this 
delightful  man  for  showing  him  many  hypnotic  experiments.    Hypno-  I 
tlam  is  constantly  employed  by  Dr.  Forel  In  this  Anstalt  as  a  means  of  ' 
cure.    The  clinics  In  psychiatry  supply  much  Interesting  material  for  I 
study  and  examination.    Trof.  Avenarlus  leoCurcs    on   general    ptif^t 
(Oology,  but  contributes  nothing  on  the  experimental  tide. 


*  Zur  MuBuag  del  BMCtloossftlt ;  Strusburg.  IH&9. 
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Freiburg. 

The  iHboraton'  of  Dr.  Mflnscerbere  is  distinctively  a  psycAoIo^rfcal 
laboratory.  A  aUtinctlon  U  cODStantfy  made  hy  liini  between  psycho- 
logicHl  iimi  phyalolojiflcal  experiments.  Ills  laboratory  \s  on  a  priTate 
louudation  tstnbltsheil  by  Prof.  M.  himself,  out  of  hU  own  resources.  To 
use  his  own  fl(fure,  ''Thu  university  authorilles  appropriate  scarcely 
enough  to  buy  the  little  bit  of  qutckgUver  used."  The  laboratory  has  tittle 
more  than  a  uomlnul  couneotlon  with  the  university  of  Freiburg,  and  Is 
locatecl  Id  two  large  rooms  of  his  private  bouse.  The  students  work  io  the 
laboratory  from  11  to  1  each  day  of  the  week,  though  it  id  open  at  all 
boors  to  such  as  wish  to  carry  on  research  work  lo  connection  with 
(•pecUl  problems.  His  courses  are  "prlvatlm"  but  "  unentgeltllch."  The 
laboratory  U  provided  by  the  professor  with  all  the  current  literature. 
His  apparatus  Is  all  practical,  designed  by  himself,  and  constructed 
by  his  mechanic,  Ktbs.  Aside  from  the  staple  apparatus  to  be  found  to 
every  laboratory  (lllppchronoacope,  melerononies,  etc.),  the  following 
pieces  are  of  especial  Ititervst  and  to  be  coiniuended  for  thoir  real  value : 
I.     Mu-^kelsinnapparat.     'llils  Is  the  apparatus  u^ed  by  Delabarre  in 

fathering  material  for  his  thesis  which  earned  him  his  doctor's  degree, 
u  hU  paper  he  ban  an  excellent  cut  of  this  apparatus.'  ThU  apparatus 
U  nude  for  the  right  or  left  arm.  It  Is  better  to  have  two  pieces  of  this 
apparatus  so  as  to  be  able  to  make  bl-lateral  movements  of  the  arms  for 
comparifi>on.  TIte  following  is  a  brief  description:  Into  a  heavy  Iron 
■tand  moves  a  strong  Iron  rod  a  little  over  an  Inch  in  thickness,  which 
can  be  easUr  elevated  or  lowered  at  will,  and  by  means  of  a  screw  can  be 
held  any  tae^htt  something  on  the  principle  of  a  music  stand  or  modem 
piano  lamp.  Above  ou  this  sUind,  arranged  to  turn  about  an  axis,  la 
th«  portion  of  tlic  apparatus  which  Is  more  Immediately  concerned  In 
the  experiment.  This  conshts  of  two  small  rails,  upon  which  ruua  a 
light  easily  moved  cur  with  four  small  brass  wheels.  In  order  to  hold 
the  car  fast  upon  the  track  at  any  chosen  position  or  angle,  there  ex- 
tends out  from  the  under  side  a  piece  of  metal,  which  has  upon  the  end  a 

:amall  wheel,  that  runs  along  the  under  side  of  a  third  rati.  This  third 
Tall  Is  midway  between  and  a  little  above  the  other  two.  To  the  car  la 
attached  an  i'udlcator,  the  point  of  which  Indicates  the  position  of  the 
car  upon  a  scale  lliX)  mm.  long.  This  scale  la  fastened  upon  the  tide  of 
one  of  the  outer  rails  and  divided  Into  half  centimeters ;  millimeters  can 
easily  be  measured  with  the  eye.  To  the  top  of  the  car  is  attached  a 
ahort  hollow  brass  cylinder.  Into  which  the  end-loint  of  the  Index  finger 
can  be  placed  In  order  to  set  the  car  Id  motion.  Upon  the  middle 
track  are  two  clamps,  which  in  every  chosen  position  can  be  fixed  as 
limits  for  llic  movements  of  the  car,  If  Ruch  limits  are  desired.  At  each 
end  of  fhe  middle  track  are  little  pulley  wheels,  over  which  a  string  can 
be  drawn,  wblch  is  fastened  at  one  emt  to  the  little  car  and  at  the  other 
to  a  scale  pan,  which  Is  used  in  experiments  where  the  weight  of  the  wag- 
on is  to  be  compensated  or  where  the  movement  of  the  car  by  means  of 
a  weight  is  to  be  made  more  dlfllcuU  or  easier.  Tlie  portion  of  the  ap- 
paratus consisting  of  the  rails  and  car  Is  movable  about  an  axis  and  can 

[m  made  to  stand  at  any  angle  between  the  horizontal  and  vertical  i>oil- 
tlon.  Thus  the  car  can  be  moved  horixontally  or  vertically,  or  at  any 
Incline.  By  means  of  the  compensating  weights  in  the  scale  pan,  the 
resistance  of  the  moving  ear  Is  almost  entirely  done  away  with.    ThA 

(.ftpperatas  Is  well  made  and  lends  Itself  to  a  multitude  of  coodlUons,  and 
~  I  exceedingly  useful  for  many  purposes.    Price  130  marks* 

2.    A  very  convenient  chrouoaoope,  Incued  In  wood  so  aa  to  leeaea 
the  noise.    It  moaaures  hundredths  of  a  second  ytry  acvurately  uid  b 


*  CTeber  BcwefcunfnempaDduDsvD.    Pnb.  t^  EpsMlA  lu  Frtlbanr.  L  B..  MSI. 
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iMAMAnt.  TMAcrabuotftwoadBobaanlaboaSMIIU. 
lowurfSMv».l4gfa,«UaaB««pd8ttoalti  tS^  edffe.  It  is  coY«n4 
«iui  irtrf  4«rfe  ipvM  nU,  does  Ufel»  e«lor  b  leM  frdcaln^  co  the  «7«k 
At  ihe  back  of  tbe  bowd  an  tve  aealK,  aoe  vwtkml,  ne  ocher  hnil— 
Ut  Tbeae  tcmlei  u*  ftttdlaf  and  dNIded  into  ndlSMeicn.  Br  cvate 
»  fCffWt  Kbe  Kale,  etahcr  Tcnkml  or  twrliKwtol.  mmj  b*  aiOTed,  *■<  C 
idotIiic  the  acaJe  the  two  whk«  potnU  oo  tbe  front  of  the  VtanI  ve 
»o«ed  nearer  to  each  other  or  awajr  from  each  ocher  ai  will.  Tht 
axBCt  dirtanr*  can  h«  rcMl  la  nflliaecen  by  reteniair  to  sobJ*  m 
tbe  baric  Tbe  tob^vvt  to  midr  to  judge  dJBtaDce  aored  as  cmapared  id 
a  ceftalD  norm  or  steDdard  glTFu  at  cfae  begiaalac  of  ea^  teat.  Tbts 
tbe  method  of  arenirv  error  U  the  one  emplojrvd.  Hflastertwqc  ^ 
nisde  over  34.0U0  ittt»  with  thU  piece  of  apparatnv 

4.  A  key- board  for  reacikm-tlne  detenwlnsrlowa,  eoodstiBg  of  SO 
bouon*  In  electricai  eonaectloa.  These  bottoiu  cao  b«  hibelad  to  nit 
tbe  experimeoler.    Price  1^  iniirlt«. 

5.  Scball-spparat.  This  apparaiiu  Is  coD»nirted  for  tbe  porpooeef 
decarminibg  tiie  direction  of  soutid.  It  couaIus  of  a  rerr  amiil  box 
eoBtalninfcelectrfral  aprsratas,  that  nuke^  the  ticking  nois^.  which  sen 
as  uniiU'ty  ftimalus.  This  ti  encIoMd  la.  a  large  oak  bux,  deadened  bj 
a  lioeioE  of  ffU  Had  ziuo.  and  the  space  between  the  two  boxM 
flUed  with  wster.  Tbe  elecirical  spparmtu  cao  be  set  going  from  wtlb- 
oot  bymeansof  a»mall  (iroTe  cell  battery.  Throogh  one  side  of  tbe 
oater  box  are  inKrt«d  3  iron  tabes  that  enter  Ihe  Inner  box,  and  throogh 
which  tbe  inund  can  be  trsnnnitted.  To  the«e  nr*  nttaob^  nibter 
tubes  aboot  four  feet  lun^,  at  the  end  of  which  are  bell<iha[>ed  ffntta- 
pefcha  cnpfi  that  dt  ovej*  the  ear ;  ttie^ie  cao  be  held  at  any  aogle,  aod 
tho9  tbe  »oDnd  made  to  come  from  any  dtrection.  Tbe  subject  Ihea 
makes  hit  Jadgmeot  as  to  the  dlrcttiOD  lb  each  case.  It  Is  a  rery  coo- 
Teoleot  sod  Ingenioos  device,  aod  cannot  be  gotten  oot  of  order.  Price 
60  roark>. 

6.  FaU-apparat,  costing  20  marks. 

7.  Sphygmograph,  350  marks. 
6.    Color-mtxers  which  are  run  by  electricity  are  also  to  be  recon 

mended  for  their  flmplieity  of  conftructloa  and  their  general  satlsfa 
tortocM.     Thelnbomiory  aUofontainn  a  ''Ton-me*9er"  of  large  compal 
CODBlructed  by  Appom  of  Hannau,  a/m. 

A  word  OQght  be  said  with  reference  to  Ufin8terberg*«  method  of 
structton.  He  »etp  apart  e«ch  day  for  some  a}>ec)flc  class  of  experV 
mentft.  'IIiub.  Monday  mffEht  be  the  '"  color-day."  In  which  the  fttndents 
have  the  advantage  of  Meins;  all  the  atiparatu»  cnDoected  with  lYtlor 
work.  Tuefda)  would  b«*  the  "sound-day,"  in  which  the  experiment 
concerned  sound  alone.  Wednesday  would  perhaps  be  devoted  to  paj 
chomrtric  methods,  and  eo  on  through  the  week.  After  several  Wf 
of  thin  sort  of  loirodactory  work,  the  »tuilfntft  who  ar«  inelioed  selPCC' 
special  problems  for  research,  and  others  assist  the  professor  In  carry* 
ing  on  his  own  Investigations.  Daring  the  past  year  the  professor  has 
made  many  thniiHands  of  rxperiments  that  bear  upon  the  general  sub* 
Ject  of  dMiiy  rhyihm.  Sorott  of  ihia  material  will  be  tresied  In  his  paper 
at  the  congress  to  convene  In  I^oudon  this  summer.  Profc^^or  Flonmoy* 
In  eittabllshing  his  laboratory  at  Qenevat  ordered  duplicates  of  all  of 
Miinsterberfc's  apparatus. 

Mention  must  atno  be  made  of  Prof,  von  Krles,  who  Is  located  at  Frei- 
burg n-lrh  one  of  the  be&t  equipped  physiological  laboratories  in  tbe 
world.  It  is  in  a  larii^e,  brilliantly  appointea  building,  recently  con- 
strticted,  and  well  supported  In  a  fluanclal  way  by  the  goveniment  of 
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Baden.  The  lectures  by  chU  professor  on  the  "  Phvsiologlc  dcr  Bewfr- 
gung  a.  Empflmiung"  are  repler*  with  interest  for  th«  |)»ychoh>irlcal 
student  as  well  as  »re  tome  oi  hU  practice  courses  \a  Che  laboratory  un- 
der bU  Lmmediaie  direction. 

Munich. 

At  Munich  there  Is  no  DntTersltr  laboratory  In  experimental  pfly- 
cholof^T.  But  thi?  doeH  not  Imply  that  the  i^tudenls  In  this  unlvemlty 
are  entirely  without  facilities  Id  this  tine,  for  Profesaor  C.  Stumpf  has 
a  very  useful  though  unpretentious  collectton  of  apparatus  for  sound 
experiments  aocuoiulatea  by  hiru  in  order  to  carry  on  thut  tar^e  amount 
of  experimental  work  tn  this  fleU,  In  which  he  Is  recognized  as  an 
aathorilyf  and  In  which  he  hu»  labored  bo  aitslduously.  His  methods 
are  of  the  most  painstaking  sort,  and  "-  exactness  '*'  Is  aflttlng  label  for 
all  his  experimental  work.  He  works  the  same  problem  over  and  over 
again  regardless  of  time  involved,  subjects  all  his  resulCfl  to  a  revision 
tn  which  the  most  exacting  testa  are  used,  confirming  and  reconftrming 
hU  previous  conclufiions,  and  all  this  time  aware  that  the  world  U 
EwaUing  hr*  long  promised  third  volumeon  "Ton-psychologle."  He  hag 
anespfcmlly  coiiciructed  ■'  Ton-me&ser  "  (Appuui),  and  the  best  [»erles  of 
forks  found  anywhere,  which  were  taken  from  a  piano  constructetl  en- 
th^Iy  of  tuning  forks.  He  uses  much  other  apparatus  along  the  other 
Unea  of  psychology  to  illustrate  his  lectures  In  the  class  room. 

The  writer  Is  Indebted  to  Dr.  Frelherr  von  Schrenck-NotzLng.  who 
showed  him  much  in  the  way  of  hypnotic  experiments.  This  well 
known  physician  constantly  makes  use  of  hypnotism  as  a  therapeutic 
agent.  He  Is  also  a  close  student  of  psychology,  as  Stumpf,  Kdward 
von  Hartntann  and  others  testify.  Hchinldkunz,  a  young  luaii,  lectures 
at  the  university  on  hypnotism  once  a  week.  Stumpf's  lectures  on 
applied  psychology  or  pedagogics  constitute  an  Interesting  and  valua- 
ble ooarae. 

Prao. 

In  the  German  university  at  Prag,  Prof.  Marty  has  a  small  collection 
of  apparatus  for  purpose  of  Illustration.  It  Is  on  a  very  small  scale, 
and  no  research  work  la  done  In  psychology.  Professor  Bering's  work 
In  connection  with  the  physiology  of  the  end-organs  of  sense  makes  lUs 
riaboratory  an  Interesting  place  for  the  psychologist.  Tlie  laboratory  or 
Institute  consists  of  ten  very  large  and  well  appointed  rooms;  the  pro- 
fessor has  three  Jasslstanta.  His  mechanic,  Herr  Kothe,  will  furnish 
OAialogue  of  Instrnments  on  application.  8omc  of  the  apparatus  for 
color  work  is  absolutely  Indispensable  to  the  well  equipped  psychologi- 
cal laboratory. 

It  might  also  be  mentioned  In  passing  that  Herr  Fric  It  located  at 
Prag.  from  whom  excellent  models,  charts  and  prepared  tissue  can  be 
secured. 

Rbri.iv. 

Professor  Ebblnghaus  is  at  the  liead  of  the  work  in  experimental  psy- 
chology at  the  Berlin  Cnlveralty.  The  authorities  have  set  aside  two 
rooms  for  his  use.  He  has  but  little  apparatus— Hipp  chronoscope, 
tuning  forks,  brain  models,  roeteronoines,  and  in  general  such  plecea  as 
are  found  in  every  laboratory.  Special  mention  must  be  made  of  a 
color-mlxer  so  designed  that  one  can  change  the  sectors  without  slop- 
ping the  machine.  It  Is  very  Ingeniously  conceived,  but  poorly  made  by 
the  mechanic.  Profe*fsor  Ebbinghaus  Is  exceedingly  clear  In  hU  lec- 
tures, which  are  well  attended,  and  he  deserves  from  thei»owersthalbe. 
better  support  In  a  financial  way  to  carry  on  the  work  In  experiiaeolml 
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peycbology,  work  which  he  has  well  beguu  and  for  which  he  U  m 
admirably  fitted.  It  U  gn?atly  to  be  regreUed  that  Germany's  tarjifMt 
university  U  not  better  e<iuipped  witli  apparatus. 

MiiDk'9  work  af  Berlin  1b  very  similar  to  that  of  Golu  at  Straasboiy. 
Ills  lecturei  ihould  be  attended  by  all  etudeota  in  psycholo^f  r  who  hare 
the  opportuoltT  of  ^^tudylof^  at  Berlin.  Hi8  work  In  eztirpatioo  Is  aJ- 
wavB  of  profound  interest.  One  of  hU  stadents,  Dr.  Max  Desaoir,  who 
has  recently  distlD^nlshed  himsclE  by  an  elaborate  series  of  Interoaiiog 
and  important  exj>erinient»  upon  the  sensattoDB  of  the  sUn,  has  Just 
been  made  doceni  in  the  university.  H«  proposes  to  extend  the 
study  to  all  tbe  other  senses  as  rapidly  as  he  is  able  co  do  so.  His  work 
in  connection  with  the  temperature  sense  was  carefully  observed  br 
the  writer  of  ihid  paper,  with  interest  and  profit.  This  young  InveKt' 
gBtor  has  through  hU  recent  publications  put  some  new  and  valuable 
material  into  the  hands  rf  psycholofflats.  Ills  lecturer  are  upnn  "  Psy- 
chologlcul  \\tL»H  of  ^'tthoiic!!.'''  The  student  at  iterlin  hae  aooess 
to  Goldsubeider,  Trcyer,  Da  Ikiis-Reymoud  and  Helmholtz.  bealdea  the 
advtuiiagc  of  hearing  teller,  I^t^^rus,  Dilthy,  Daring  and  PmulMtn. 
There  Is  In  Berlin  a  society  composed  of  men  interentcd  In  experimenul 
psychology^  which  holds  meetings  every  two  weeks,  at  which  a  paper 
embodying  the  results  of  orlgloaT  work  Is  read  b^  some  member  or  in- 
yited  guest.  These  papers  are  afterwards  publifihiHi  iu  the  society*! 
*' Transactions. '*  Dr.  Dessolr  Is  secretary  of  the  Berlin  society,  and  Dr. 
Ton  Schreuck-Xotzlng  of  a  similar  one  ul  Munich.  They  partake  in 
some  degrt'e  of  the  nature  of  the  Amerlciin  Society  for  Psychical  Re- 
search. Dr.  Moll,  the  hypnotist,  who  Is  no  less  a  psycbologtat,  U_ 
member  of  the  Berlin  society. 

*       Lkipzio. 

Professor  Wundt*s  laboratory  Is  so  woll  known,  and  his  apparatuahas 
found  way  Into  so  many  places,  that  perhaps  it  needs  no  detAlled 
description,  and  yet  the  writer  feels  Justified  iu  giving  a  complete  lUt  In 
the  hope  that  It  will  be  of  some  aaalstauco  to  tlioge  who  are  proJcctLog 
laboratories  —  the  persons  for  whom  thi$  article  Is  chiefly  vrlttoa. 
Some  of  ttxe  apparatus  is  a  little  antiquated  and  lias  been  superseded. 
Still,  even  thU  is  useful  for  the  purpose  of  illustratiou  and  verlficattoa. 
Professor  Wundt  lias  two  able  asaisUuts  In  Dr.  KUlpe  and  Dr.  Klrscb- 
mann.  The  laboratory  or  **  luBtltute,"  as  It  la  ofllolally  styled,  embraCM 
gix  rooms  conveniently  arranged  and  toler&bly  well  lighted,  but  with 
poor  floors.  Wundt  contemplatus  moving  "to  other  <)uarters.  TTie 
ajiparatus  conslgta  of  one  new  Hipp  chroooscope,  price  232  marks.  One 
Kugelfallapparat  to  t*8t  chronoscope ;  this  Is  of  Utile  value  and  now  sel- 
dom uaed,G4  marks.  One  large  control  hammer,  which  occupies  7  tenths 
of  a  second  in  falllug :  tliis  h  for  the  purpose  of  regulating  the  chrooo- 
Bco])e,  ig  finely  constructed  and  costs  27B  marlcs.  It  ia  accurately 
described  In  the  laat  number  of  tlie  Phil.  Studlen  (Vol.  Vtll.,  page 
145  ft'.)  by  K(iI[Hj  and  KlrHchmann.  Cuts  of  the  instrument  are  shown  To 
connection  with  this  article.  One  rhuochord,  15  marks;  one  Fallap- 
parat  with  a  silt  in  the  plate  displaying  the  letter  or  word,  12o  marks; 
one  Fall-chrononieter  with  automatic  contact  (Cattell),  146  toarlo. 
This  l9  deacrlbed  In  the  Phil.  .Studlen,  Vol.  III.,  pp.  307  ft".,  and  is  a 
very  useful  piece  of  apparatus.  One  "  .Sprech  contact-apptirnt,"  In 
which  the  current  Is  made  or  broken  by  speaking  into  a  membrane-cov- 
ered drum,  costs  3.^  marks:  one  Schall  hammer  with  electrical  connec- 
tions, BO  that  It  strikes  when  current  is  made  or  broken  ;  meteronom«B 
wltli  and  without  bells,  12  sud  1.5  marks  respectively;  one  adiualable 
electro- mag  net  with  etative,  t*  mark?;  color  mixers,  run  by  clock-work, 
^  marks  each;  tlie  same  with  governors  atuched,  iH  mnrks;  one  eleo> 
(rlc  ohroDographlc  tuning  fork  of  250  vibrations,  90  marks;  the  same 
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(HelmhoIW)  with  13.1  vlbnitious,  75  marks;  tuning  forks  mounted  on 
reftonaut  boxes,  I'ost  aocordinfc  to  filze;  one  reaction  apparatus  of  ton 
buttons  In  clet'trieal  eonnectlou  (Merkel).  5)J  marks.    One  large,  heavy 

riendulum  with  hori/ontul  aud  vertical  mUU  in  the  bob.  The  subject, 
ookiiig  through  tube  a»  the  pendulum  passes,  dtscerna  the  letter  or 
word  back  of  the  penduhim,  an  it  U  displayed  throufi^h  the  ^lits  when  the 
pendulam  oscillates  to  and  fro.  Two  adjaatable  ma^ete,  reaction-time 
Atudies  of  light  Impressloua.  275  marks.  One  chronograph  for  [he  meas- 
uring of  very  short  tlme-iutervala,  conaUtlng  of  large  drum  revolved 
rapidly  by  means  of  heavy  weight.  There  Is  a  cut  of  thin  apparatus  Id 
WundtV  Phil.  Stndlen,  Vol.  IV.,  p.  4.58.  It  ig  extremely  expensive, 
coating  700  marks;  the  same  results  c»n  be  obtained  by  u  revolving 
dram  propelled  by  a  little  three-dollar  electric  motor.  One  Zettsinnap- 
parat  with  six  contact  keys.  This  coufilsts  of  a  vertical  drum  revolving 
within  a  circle  on  which  is  a  graduated  scale.  To  this  circle  can  be 
attached  six  contacts  at  diflereoC  dlatances.  the  distances  read  in 
degrees,  minuteg  and  fieooudft  by  referring  to  the  scale.  A  jioint  on  the 
dmm  la  revolving  touches  lUe^n  HepHnitti  conUict^  In  turn,  thus  making 
a  current  at  each  contact.  M-liich  U  couimunlcatcd  to  an  electric  bell  or  ham- 
mer. The  subject  then  judges  iind  compares  the  time  intervals  between 
the  sounds;  costs  withuut  drum  I'M  marks.  It  runs  by  weights.  It  Is 
described  by  Ester  In  the  "Studlen,"'  page  38  of  volume  II.  With  the 
large  drum  and  recording  apparatus  It  costs  3.^0  markH.  One  large  Fall- 
apparat  with  i  electro-m;ignetlc  ball-holdera.  This  h  the  piece  of 
apparMtus  used  by  Professor  Angell  of  Stanford  University  when  at 
I^eipztg  in  determining,  ftecordirig  to  the  method  of  average  error,  the 
estimation  of  variou!^  intensitiee  of  Hound.  The  apparatus  consists  of  4 
upright  polUhed  Iron  or  nickel  rods,  on  each  one  of  which  is  a  little 
holder  for  the  small  ball.  In  making  the  current  these  holders  drop 
the  balls  upon  a  block  of  ebony.  As  tlie  balls  are  elevated  more  and 
moreithe  Roond  becomes  more  intense.  With  four  of  these  upright 
tCAndarda  four  successive  sounds  of  dlQerent  intensities  can  he  oh- 
t«iiwd  without  re-«dju«tmeut.  This  piece  of  apparatus  is  more  fully 
described  In  the  "  Studiou,"  Vol,  VII.,  p.  425.  One  3-fold  dUphrairm 
with  An  arrangement  whereby  the  square  holes  can  be  reudllr 
adjusted,  by  means  of  a  micrometer  screw,  to  various  siies.  Througo 
these  holes  one  looks  at  sheets  of  colored  gelatine  paper.  The  object  of 
this  apparatus  Is  to  experiment  upon  the  relation  of  color  to  the  apparent 
el/e  of  the  surface,  lite  apparatus  was  designed  by  Dr.  Klrschmann, 
and  is  described  and  Illustrated  by  him  in  Vol.  VI.  of  the  "Studlen," 
page  432.  One  largo  chronoscope  used  for  demonstration  purposes  in 
the  class  room ;  it  lias  »  large  ground  glass  dial,  40  centimeters  In 
diameter  and  lighted  from  behind  like  the  dial  of  a  tower  clock.  Costs 
400  marks.  An  apparatus  for  the  demonstration  of  after  Images  costs 
48  narks.  A  similar  appnrsCus  (or  demonstration  purposes  by  means  of 
which  one  compares  the  endurance  of  the  after  Images  of  sound  and  light, 
^0  marks.  One  model  illustrating  the  movements  of  the  eye,  4R  marks. 
One  m<Klel  (lemonptrnting  the  retinal  images,  34  marks.  One  large 
*^  rolEtionnnparat,"  n  sort  of  colossal  lecture  room  color  mixer,  costs 
with  colored  disks  175  marks.  To  this  list  must  be  added  various  keys, 
contacts,  commutators,  which  are  as  a  rule  much  better  made  in  Amer- 
ica. Any  or  ail  of  the  above  apparatus  can  be  secured  from  Wundt's 
mechanic,  llerr  Krille. 

One  of  the  most  important  pieces  of  apparntus,  because  of  Its  utility, 
ifl  (he  Baltce  kymograph.  It  la  absolutely  indispensable — more  so  than 
the  ohronoseope— to  a  laboratory  in  experlincDtal  psychology.  Tlie  late 
one  Ip  much  improved  over  previona  ones,  and  la  ahown  pn'tiy  wotl  in  a 
cut  OD  pnge  19  of  LangendorfTs  new  book,  *'  I'hyslolog1«(he  Orapblk." 
Only  two  psychological  laboracorlea  In  all  O^imnaoy  were  eqalppot' 
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wlih  thU  Admirable  pkce  of  tpparatufi,  the  one  nt  Leiprig  and  the  i 
Boun.    The  followliifir  is  a  brief  deBcriptloo  : 

A  ciiref  till  y  tamed  hollow  brass  cylhider  li  tet  In  rotation  by. 
ot  a  flnelr  eon?  true  ted  piece  of  cloi-li-work,  which  \»  contnlDed  io  ■  bnw 
box.  I'h'is  clock-work  is  rernlated  in  its  f^oiofc  by  a  p&Lr  of  j^veraloff 
fuw,  after  the  principle  of  Foucaalt.  A  Km«U  lever  serves  Lo  stiu-c  and 
stop  the  rIook'Work.  The  clock-work  turns  a  horlzoDtAl  metal  axU,  to 
the  end  of  wblcli  is  altactied  a  metal  dUk  (about  five  Inches  ta  diame- 
ter), and  whlcl)  In  rotatlnK  turns  by  means  of  frlctinn  the  iiprlg^bt  axis 
of  the  drum  or  cylinder  alrefldy  mentioned.  By  a  simple  and  >*ure  de- 
vice the  speed  rf  the  rotating  drum  can  be  accurately  reflated. 
The  drum  c»n  tx*  made  Co  tarn  in  a  horlxontal  as  well  a«  reni- 
cal  position,  and  also  has  a  little  attachmeot  whereby  use  can  be 
made  of  a  little  electric  motor  or  a  heavy  weight,  If  rery  gntX 
rapidity  \»  desired.  The  drum  of  the  new  Baltie  apparatus  hM»  a 
height  of  13  centimeters,  and  Is  50  centimeters  lu  circumference.  This 
dram  Is  covered  with  a  ?trip  of  smoked  paper,  on  which  are  traced  the 
curves.  By  a  series  of  exchanfte  wheels,  In  diflcrent  combinations,  the 
kymoerapb  can  be  made  lo  rotate  the  drum  anywhere  between  3  seconds 
and  90  mlnntes.  By  using  a  weight  and  tying  down  the  governors 
(which  can  be  done  without  Injury),  Tiger»ted(  suL'ceedetl  iu  tiirolDg 
Uie  drum  at  such  a  rate  that  every  millimeter  on  the  paper  corresponded 
to  .0016  seconds  in  time.  The  student  in  psychology  al  I^lpzlg  baa  al- 
so the  advantage  of  LudwIg'R  renowned  "Physlologlcai  lusUtute."  Rallx«, 
who  contrived  the  kymogtupb  which  we  hive  attempt*'U  to  de-ti  ibe.  Is 
I.udwlg'8  mechanic.  Wundi  delivers  leoiure&  on  history  of  phLii'iK)pbj, 
but  no  lectures  on  psychology,  leaving  the  latter  task  to  bla  aaalataot. 
K(i1[>4*,  whor>e  long  laboratory  training  gives  him  a  fund  of  materia) 
for  iUuitratloos  nVoug  everv  line  of  experiueutal  work.  O)ockoer*s 
lectures  on  pedagogicul  psychology,  as  well  as  those  of  Leydl,  are  ex- 
ceedingly interesiiug  and  v'aluable.  Ludwlg's  lectures  on  ^'Empfladoor 
and  Bewe^iung  "  are  more  prjfrholofiicnt  than  physiological,  and  «hoala 
be  down  ou  the  schedule  of  every  atudeut  who  pretenda  to  study  psy- 
chology at  I>eipKig. 

Hali.r. 

At  Halle  there  It  no  laboratory  at  present  In  experimental  p«y- 
chologv,  though  one  is  contemplated.  I'he  writer  visited  Halle  to  con- 
fer with  Professor  Upliued  and  Dr.  HufTert,  as  well  as  to  bear  Benno 
Erdmann  in  hlii  lectnres. 

Jena. 

It  was  Impracticable  to  Include  Jena  In  our  *■'  Rundrelset*^  much  tooor 
regret.  However.  Dr.  Ziehen  of  the  medical  faculty,  lectures  on  pUyaJo- 
logical  psychology,  nud  his  courses  are  very  popular.  UU  lectitrea 
have  Jtt»t  been  puuilsbed  la  outline,  and  a  helpful  and  suggestive  book 
they  nuke.  Re  also  lectures  ou  brain-anatomy  (privatlm],  and  on  psy- 
chiatry (publicee),  both  one  hour  a  week  courf>es.  Professor  Bieder> 
man  in  the  practice  courses  In  his  "'Physiological  Institute"  ofltora 
mach  of  luterest.  Uo  is,  as  bis  record  aa  a  lecturer  and  writer  showti 
most  deeply  Interested  Id  psychology  iu  Its  modem  garb. 

Bonn. 

The  psychological  laboratory  at  this  university  has  an  interetHing  { 
history  Indeed.    Toward  the  end  of  the  v'^ar  1987.  Professor  Lipps,  now 
in  BreslHu,  fluil  Pr.  Martiufl,  th«  psychologist  at  Bonn,  propouM   to  the 
philosophical  faculty  and  university  senate  that  appropriate  rooms  he 
set  aside  for  the  purposes  of  experimental  psychology.    Through  a 
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lecture  on  thf(  "  Alms  and  Results  Of  Experimental  Piychology,"'  tliU 
endeavor  bfcame  widely  known.  The  exlstLMice  of  Che  prtecut  luhoi'a,- 
tory  was,  however,  uui  llie  result  of  these  overtures,  which  were  re- 
jected ai  the  time. 

The  rouiiiH  in  which  the  psychological  InvegtlKfltlonB  are  at  present 
made  betonv  to  the  Phrftical  InHtlttite.  They  were  generously  placed 
a(  disposal  by  Professor  U.  Hertz,  the  (niiious  eIet.-trlL'iun  and  suceeegor 
to  Profe^^sor  ClfiuBlu».  The  p»ychologicHl  laboratory  at  Ronu  must,  for 
the  present,  be  looked  upon  as  a  private  uudertakinK;  it  docs  uot  ei<joy 
the  patrooage  of  the  state.  The  admission  of  the  students  occurs  in  the 
form  of  a  **  privatissimum." 

Tbe  arrangementfi  are  in  general  copied  after  thoee  of  the  Leipzig 
laboratory,  nearly  all  the  npprtnitus  bt'lug  duplicate  of  Wundt's  own. 
The  mofit  IraportAnt  Instruments  are  all  at  hand.  One  of  the  late  nequU 
•llioDB  is  a  Baltze  kymograph  of  the  most  excellent  workmanship. 
There  l»  also  an  improved  form  of  the  ADsell  ttppnra(a»  for  investiga- 
tions along  the  line  of  soutiiMntensIty.  'Ihe  rooms,  four  in  number, 
are  admirably  adapted  to  the  purpose  for  which  they  are  used.  Indeed 
there  Is  no  p*ychoingk'Bl  laborrttory  Iti  all  Germany  equallv  fortunate  tn 
this  respect.  Tlie  daik  room  Is  a  little  gem,  and  a  model  of  iti;  klud. 
For  the  rest  we  shall  let  Dr.  Martius  speak  for  hlm&elf,  and  appeud  a 
quotation  from  an  Interesting  letter,  which  was,  however,  not  written 
pflmarlly  for  publication. 

'*The  participation  of  tbe  students  in  the  inveiitigatlons  is  naturally 
small.  There  Is  lack  of  such  a!^  are  inclined  lo  devote  themselves  for  ft 
long  time  constantly  to  psyi-hological  inveetlgHtions.  Workers  are 
ftlwaya  present,  but  the  facilities  exeee<i  tbe  demand. 

"This  brings  up  the  question  :  To  what  extent  should  the  students 
take  up  Independent  work  In  the  psychological  laboratory  ?  The  ex- 
perimental iiiethtKl  in  psychology  has  aclilevetl  such  hrilllant  success 
thmt  a  Bcieotiftc  treatment  of  psychology  which  Is  not  based  on  this 
fouDdntion  has  become  at  the  pfeseot  day  Inconceivable.  The  funda- 
meiit»1  tacts  of  mental  life,  the  sensations  and  perceptlona,  cart  be  In- 
vefitigated  oulv  In  this  way.  Moreover,  the  truth  that  a  thorough 
knowledge  of  tlhe  (acta  of  t'ousciousness  is  the  proper  foundation  fortune 
remaining  phllosophieul  disciplines  is  daily  receiving  wider  rfvognltlon. 
llius  the  progress  of  psychology  and  philosophy  depend  to  no  small 
degree  upon  the  development  of  experimental  psychology.  Wundt 
once  made  (he  remark  that  he  exi>ecte<l  to  live  to  see  every  'university 
Id  Oermaoy  provided  with  a  psychological  laboratory.  If  a  retrograde 
movemeot  does  not  occur,  this  expectation  will  nurely  be  soon  reailr^d. 
Tbe  state  authorities  In  the  very  luterebts  of  their  universities  will  not 
be  able  to  withdraw  from  the  responsibility  of  furolshlog  a  solution  of 
this  jrroblein. 

"  TIiIh,  however,  does  not  decide  how  far  the  Independent  psychologi- 
cal Investigations  in  the  laboratory  are  to  be  open  to  the  student.  It 
appears  to  the  writer  not  to  be  In  the  interest  of  pdychology  Itself  for 
t)iU  to  occur  to  too  great  an  extent.  What  every  xtndetit  who  Is  to  be 
examined  In  psychology  (and  also  every  student  of  medicine)  ought  to 
know,  can  be  presented*  In  lectures,  provided  the  proper  apparatus  and 
lecture-room:^  are  at  hand.  The  psychological  work  ll*elf,  on  account 
of  its  difllculty,  should  l>e  reserved  fur  a  limited  number,  who  have  a 
spocUI  iDiereH  In  and  euthusUsm  for  the  subject.  The  ftiturn  «o«- 
demlc  Instructor  in   psychology  should  have  a  thorough   i  v 

PBychological  training  If  he  is  to  be  anything  more  than  a  li^  1 

Interpreter  of  psychological  systems.  For  tuo  purposea  uf  Ui^n  lu  liod, 
however,  lectures  well  ttupportetl  by  demooatrutious  are  6ufnci<*nt.     It 
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U,  moreover,  to  be  expeoied  that  with  such  limited  and  modest  de 

the  uuthorltleji  will  be  more  locllned  to  keep  pace  with  the  progresa  of 

the  times." 

Dr.  Martius  lectures  twice  a  week  (privatlm)  on  GrundsUge  der  Pij- 
chologle  (with  demoDstrattons),  and  dimct«  research  work  one  hoar 
each  aay  (privattm  »nd  f^ratlfi).  Prot^snor  Neuhaoaer  lectures  oo 
general  psjchology  four  ifmes  a  week.  Professor  Nussbaam  of  tbe 
medical  faoalty  lectures  on  the  '*^  Anatomy  of  tbe  SeDse-orgaos,*' Dr. 
Koch  ou  the  *'  Physiology  of  the  Seuae-orKaas,**  the  fonoer  two  boon, 
and  tbe  latter  ouce  a  week.  The  latter  al»o  lectures  on  hypnotism. 
eleep  and  narcoKU.  Pro(e»gor  Schaefhausen  lectures  on  anthropolqgy 
twice  per  week.  i'flUger's  •*  Seminar*'  U  elven  over  larjcely  to  subjects  of 
great  tuterest  to  the  pi^yc  ho  logical  &&  wmU  ai»  th>^  phy»Iologlc4i)  studeal. 
Meyer  lectures  four  times  a  week  In  a  charming  maouer  apoa  hlstoty  of 
pedagogy. 

lliTs  eoDolad<'9  our  descrlptloo,  which  is  of  uecesslty  "  aketcby,"  and 
to  a  measure  inoompiote  as  to  details.  We  shall  take  pleaaore  Id 
answorlDg  ioquine^  of  those  wishing  more  detailed  information. 

UN'CONSCIOUS  SUGGESTION. 

Duruiff  the  summer  Hemesterof  1*01,  I  gave  a  course  of  lectures  on 
hypDoliam  In  the  iiuditorlura  of  the  Uurf^liolrll  Asylum  (Ztirlch)  to  tbe 
students  of  the  medical  faculty  of  the  university.  At  one  of  the  W-taret 
the  young  and  intelHgeut  attendant  K.  from  Wlirtemberg  was  used  for 

fiurposes  of  demonstration.  jVfter  a  few  suggestions  he  fell  at  once 
nto  a  deep  sleep,  J  then  gave  him  various  post-hypnotic  flogge^tlons 
of  a  hallui-inutory  character,  which  succeeded  well.  In  a  water-bottie 
be  saw  eeveral  gold-Ilsb  that  were  not  there;  he  saw  a  suggested  cat, 
felt  of  and  stroked  her.  eEe.  I  then  sugffeiited  to  htm  In  hypnotic  sleep 
that  on  waking  he  should  feel  a  9troii)<  desire  for  defsMHttlon  and  that 
he  should  ask  me  for  permission  to  leave  the  room  immediately.  He  was 
scarcely  awake  before  he  complained  to  me  in  a  low  voice  and  asked  to 
be  allowed  to  leave  the  room.  I  allowed  him  to  go  and  thoagbt  no  more 
about  him.  A  few  hours  later  tbe  aaslMtaut  physician  told  me  that  the 
attendant  K.  had  been  attacked  with  violent  illarrhiea  and  vomiting,  lo- 
gi'ther  with  head:iche.  Me  h;iii  attempted  to  suggest  these  ayinptoms 
way,  but  In  vain.  I  had  the  attendant  called  to  m<f,  as  It  was  evident  that 
my  BOffgestloa  had  had  a  much  stronger  eOect  than  I  had  lntended~a 
thing  mat  as  good  a^  never  occurs  wUb  me.  After  K.  had  recounted  Che 
Bymptoms  of  his  suggested  cholera  I  hypnotized  him  again  and  declared 
bricny  and  deuUlvely  that  all  his  symptoms  were  pait  and  that  to  the 
future  he  would  never  again  experience  auythlng  more  than  would  be 
coutaint^d  in  my  suggeatlooi.  On  uwiikiuK  be  declared  that  he  was 
perfectly  well  and  departed.  On  the  next  day  I  asked  him  bow  he  felt 
and  he  replied  that  he  was  perfectly  well,  with  the  exception  of  a  sllgbt 
headache.  This  astonished  me,  as  I  knew  that  headaches  are  very 
easily  suKge»ted  away.  1  asked  concerning  tbe  natare  of  theie  head* 
aches  and  be  answered  me  In  these  words :  **  I  have  had  these  headaches 
for  two  years  (he  had  been  only  a  few  weeks  In  the  asylum  as 
attendant).  At  that  time  I  had  an  inflammation  of  tbe  lunf^s  (pnea* 
moula]  and  with  It  severe  headaches.  The  phy^itclaa  said  to  me  that 
these  headaches  would  never  leave  me  again,  as  they  were  an  Inheritance 
from  ray  father.  In  fact  I  have  never  completely  lost  them  since  tben. 
Sometimes  they  are  more  severe,  sometimes  weaker,  but  even  when  t 
am  in  tbe  boat  condition  I  always  have  a  dnll  feeling  of  presaure  lo 
the  head.'' 

Tills  declaration  of  the  young  man  opened  my  eyes.  That  he  was 
very  iuj^gestlble  had  been  proven  by  the  intense  effect  of  tbe  prevlotu 
suKKe^tloii.  It  now  seemed  to  rae  highly  probable  that  his  two  year 
headache  was  nothing  else  than  the  result*  of  au  unconscious  snggesttoa 
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^t!  pari  of  the  physician  who  had  treated  him  for  his  pneumonia.  I 
questioned  him  In  decnil.  He  »ald  that  his  father  had  AulVriMl  his  life- 
long  with  headaches),  tiut  ctiat  he  tilniAelf  liad  iu  hi?  youth  only  tt*mporary 
headaches.  Only  since  the  pneutiinniu,  I.  e.,  since  the  remark  ot  the 
physician,  had  the  headaches  luurea^ed,  and  becoming  completely 
localized,  had  never  left  him  for  a  momeot.  I  then  declared  lo  him 
categorically  that  the  phyi>tcian  had  at  that  time  made  a  atupld  remark, 
that  the  headaches  were  not  an  luheritunce  and  could  be  easily  removed 
and  that  I  would  now  cure  him  completely.  I  hypnotized  him  apkln, 
laid  mv  hands  on  both  side «  of  his  bead,  suggeatea  a  sCroDs  electric 
current  (which  wasi  of  course  not  present)  ancT  declared  the  headacbes 
to  be  now  con)plctely  and  definitely  past  forever.  When  he  awaked 
the  headache  was  gone.  And  in  fact  UM  single  hypnotizing  was  ?affl- 
cient  to  remove  the  headachej*^  at  least  up  to  the  present ; — to  be  sure, 
only  (our  mouths  have  paEscd.  After  exhaustive  night-watches  and  the 
like  he  baa  a  few  times  had  temporary  headaches,  but  the  chroulc 
trouble  is  over. 

This  cas«  seems  to  me  very  instructive,  because  It  shows  bow  easily 
pbyslcluis  without  knowing  It  can  produce  riickneniKeR  that  are  not  pres- 
ent by  means  of  pessimistic  prophecies,  by  .inxloui*  looks  or  by  making 
the  patient  anxious,  rhesc  are  diseases  suggested  by  the  physlclau ;  they 
are  not  Imaglpations  of  the  patient,  but  c»n  be  really  painful,  obattnate 
and  serious  troubles.  Just  as  suggestion  can  cure  an  exlstiug  sickness, 
90  It  can  produce  one  that  does  not  exist.  It  Is  a  two-edged  sworl,  hut 
U  daogerons  only  when  used  by  people  that  do  not  understand  it.  For 
this  very  reason  It  is  necessary  that  the  subject  should  form  part  of  a 
physician's  irattiing. 

In  earlier  years  I  myself  evidently  committed  the  very  same  fault  aa 
the  physician  lust  mentioned.  An  attendant  saffercd,  as  on  previous  oc- 
casions, from  disturbances  of  the  dfgeetlon<i  and  said  she  bad  pains  In 
the  stomach.  We  made  au  Investigation,  palpated  the  stomach  care- 
fully, apkcd  If  ithe  felt  pains,  to  which  she  answered  Id  the  afflrmative. 
We  thought  we  had  found  the  smre  place,  looked  i^ohw  and  ordered  ndlk 
diet  and  strict  reet  in  bed,  for  we  thought  we  had  found  au  ulceration 
of  the  stomach.  The  cardlalgla  and  the  palufulness  for  [)res8urc  on  lite 
particular  plac^  in  que^tiou  grew  couilnually  wor^c;  the  patient  could 
scarcely  retain  the  milk,  became  emaciated  and  lamented  much.  Never- 
theless no  hemorrhage  followed  and  otherwise  no  objective  syraptom 
could  be  discovered.  For  several  months  we  kept  her  In  bed.  Grad- 
oalty  she  recovered;  yet  for  years  the  stomach  remained  verr 
sensitive  and  we  reallv  bellevetl  that  au  ulceration  of  the  atomaoh  bad 
taken  place.  After  I  had  at  a  later  date,  1&S7,  through  Remhelm  Id 
Naucy,  become  acquainted  with  suggestion^  I  bypDotlzeti  this  attendant 
also.  She  proved  to  be  extremely  suggestive:  everything  succeeded 
with  her,  even  tlie  most  absurd  and  intensive  elfects.  It  was  a  light 
matter  to  proiluce  complete  health  in  her  case.  8lnce  that  time  we  have 
had  DO  occasion  to  trouble  ourselves  about  her  health.  In  the  two  other 
Institutions  in  which  she  haA  since  been  employed  it  hat*  ri'maiiietl  ex- 
cellent. In  my  mind  there  U  not  the  slightest  doubt  that  her  former  lung 
slcknes-i,  together  with  the  emaciation  and  debility^  was  called  forth  by 
our  anxious  Inveftigallon  and  the  strict  regulations  mji''"  r»,r.,infh  t.-nr 
of  a  perforation  of  the  stomach.  She  surely  bad  no  u 
stomach,  and  if  we  had  at  that  time  been  acquainted'- 
we  could  have  cured  her  digestive  troubles^  together  with  the  carUiulgia 
and  pains  from  pressure,  in  a  few  days. 

pKor.  A.  roBEL. 

EYK  TESTS  OX  CHILDREN. 

Tests  on  the  strength  of  sight  were  made  in  the  pttblto  schools  of 
Worouter,  Maas.,  U.  S.  A.,  In  ooooectton  with  the  physical  miHuar*- 
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ments  carried  on  Ust  spriDfc-  Id  labuIatiDf;  the  results  those  cfirds 
showing  defects  of  lea*  than  fifteen  per  ceiii.  from  the  nornul  were 
thf^wn  our,  a-<  It  hml  been  found  thiit  nn  nhnii^t  Imperocptlblc  decrease 
Id  the  :tuiount  of  light  bad  a  comparatively  ereat  etfeot  on  the  re«alt 
mod  consequently  lhe«e  card^  were  within  the  limits  of  error.  A  cloody 
day  Hkcwl^  cauRod  the  ppn-cnta^e  to  drop,  as  did  bI&o  fatigue,  lix 
sorting  thu  cards  after  thU  elinttnatlnn,  It  was  found  Chat  out  of  7U3  boys 
SOS  or  3SM%^  and  out  of  OCfJ  glrU  313  or  5-j;;  were  sbort-ftlgbced. 

Tlie  cards  were  now  arrangM  acoonllne  to  the  Hchool'i^radee.  lo  tbe 
flrsc  two  eradei*  the  percentage  of  defective  eyes  Id  lower  for  Elrl»  than 
(or  boy»,l>ut  in  the  others  the  reverse  \*  the  case.  On  the  other  hand 
the  resaltg  vary  from  grade  to  grad*>.  f!o:h  hoyn  and  girU  AtarC  with  a 
low  per  cent.,  35  for  the  boya  and  31.4  for  the  girls.  In  the  next  two  | 
ffrmdea  a  itreat  tnerea^e  U  observ*Kl,  the  figures  being  62. 7^,  and  G7%  for 
Doya  and  girls  respectively.  In  Ibu  fourth  grade  there  Is  a  drop  to  .SSr:;, 
and  48. 9*);  renpectlvely,  In'  tbe  fifth  a  sliglit  lncrea.^c  to  41.(Jjt  and  51% 
and  then  a  Kii^ady  decline  to  the  ninth  grade,  where  It  Is  I9y,,  for  the  boyi 
and  S4%  for  the  glrU. 

The  importance  of  this  fact  lies  In  It«  t^earlng  on  the  que«tlon  of  the 
Influence  of  growth  ou  the  Kut^ceptibltlty  todl^ase.  ThiA  rapid  decrease 
in  the  percentage  of  defective  eyea  corresponds  In  time  wltli  the  acceler- 
ation of  growlli  Htt^ndaut  on  the  period  of  «dole?cence.  Il  ha*  generally 
been  suppoacd  tliHt  this  lucri'-jitied  rapidiiy  of  growth  i*  attended  by  ao 
Increa.aed  susceptibility  to  di>«ease  and  injury,  but  the  observations 
xnadt*  by  Dr.  Axel  Key  lu  the  Swedish  schools  s^eiu  to  completely  refute 
this  idea.  He  found  that  at  no  time  were  children  better  able  to  with* 
Stand  disease  LhHti  at  thi^  period,  while  before  and  after  It  they  were 
espe<>ially  suxc^pilble.  The  decrea!te  iu  the  percentage  of  defective 
eye*i  at  this  period  may  be  accounted  for  on  the  same  ground. 

The  cJirds  were  also  sorted  with  respect  to  the  amount  of  wealcne^  Of 
Bight  touod  in  each  sex  and  finally  with  respect  to  thn  amount  of  weak- 
ness displayed  bv  each  of  the  eyes.  Among  the  boys  46.6');.  were  between 
0.62  and  0.y5  of  the  normal  Ptref-gfh.  W.2%  were  between  0.50  and  0.03 
of  the  normal,  while  3'J.2.>'/,  were  below  this.  Among  the  girls  the  per- 
centagefs  were  47.8%,  24. lin;.  and  2H'j;,  respectlvelv.  Among  the  boys 
both  eyt-s  were  defective  hi  n;H.77'}'„  the  right  eye  In  \^A%  and  the  left 
eye  lu  20.63%  of  the  cat>es.  Fur  the  girl*  the  flifure*  were  &6.S8%  for 
both  eyes,  2*).66%  for  the  right  eye  and  34.86%  for  the  left  eye.  From 
this  tt  would  seem  thst  the  left  eye  in  both  8exe«  U  more  likely  to  be 
defective  than  the  right  eye  and  in  boys  more  often  than  In  girls. 
Among  tK>y8  the  defects  seem  to  he  more  serious  In  a  larger  number 
of  cases. 

The  iDstmmenls  usetl  lu  the  tests  were  the  Snellen  test-types  for  the 
first  five  grades  and  t!ie  Gallon  eye-test  for  the  other  gradeir.  The  use 
of  the  former  was  rtece*tsary  hi  the  lower  grades  on  account  of  the  youth 
of  the  children.  The  variation  between  the  results  of  tiie  two  InaCrti- 
ments  falls  wlihlu  tbe  limit  of  error  for  fatigue  or  change  of  lllumins- 
tiou  and  so  has  no  infiueuee  ou  the  results  a^  reckoned  above. 

G.  M.  West,  Ph.  D. 

REACTION. 

KClpe  r\r>  KiRScnMAKK.  Hit*  newr  Apparat  tut  Oontrote  aeftmeasen-  * 
der  Inttrumenta.  Beschriet>en  von  O.  KUlpe  und  A.  Klrscbmann.  PhU.  , 
Stud.,  1892,  Vm.  145-172. 

TlTCUKNEK.  Zw  Chronometrie  de»  Erkennung$act(9.  I*hil.  Stad.^J 
1893.,  vm.,  138-144. 

T>r.  Kfilpe  and  Dr.  TCIrschmann  describe  an  Instrument  devlaed  by 
I*roI.  Wundt  to  regulate  the  illpp  electric  cbronoscope.    It  Is   now 
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sized  by  pBychologi»>t8  (though  apparently  uob  yet  dUcovered  by 
■irts)  thatthe  ohronowope  only  glve«  correct  clmnn  when  the 
iTadvf'  iitrenKCh  of  the  current  uml  t^prliig  are  so  adjusted  that  the 
latent  tiniea  iu  drawlug  up  and  releasing  the  arniHture  are  alike.  The 
chronosco[>c  Is  empirically  regulated  by  mcasurlug  a  fitaQdurd  luterval 
of  time,  and  udju^llng  tho  rurreiit  and  !)prltig  until  tht*  chronniicope 
«ive«  IhU  time  correctly.  Prof.  Wundt  hasi  constructed  a  large  falling 
nammer  with  a  lever  and  weight,  which  give  tlmea  up  to  til6<T.  The 
time  required  for  the  haruuier  to  fall  cannot  \m  calculated  cb^oretleally 
and  catj  scarcely  be  measured  with  a  tuntug  fork,  but  may  be  (ieiermluea 
with  a  chronograph.  According  to  the  teats  made  by  Ktllpc  and 
Elr^chmann  the  mean  variation  of  thp  hammer  a«  tested  by  the  chrono- 
graph was  on  the  average  1.04t.  This  includes  the  variable  error  of  the 
ohronoseoi>e,  but  not  the  eoitfitant  error  which  would  he  carried  over  to 
the  chrono^cope.  'llie  vnrlable  error  of  the  chrononcope  and  hammer 
combined  was  on  the  average  1.04^,  which  may  l)e  regarded  sa  eiactly 
Ihe  some  as  before.  The  variable  errors  of  the  chronograph  u«od  lit 
Leipzig  and  of  the  chronoscope  are  con^tequently  alike,  which  ia  con- 
trary to  Wnndt's  t^tatement:  "  Die  Feinhelt  uud  Geuaulgkelt  Ut  also  hler 
(w-lth  the  ehrouograph)  elue  rclchllch  zehmal  m>  gntsse  als  brl  dem 
Hipp  when  chrouofkop."  {Phys.  Psy.  II.,  28a.)  Kuliw  and  Klrflchmanu 
find  the  error  of  the  chronoscope  to  be  much  grc-ater  wlieu  the  tiammer 
!«  placed  in  a  necondary  circuit.  A  Bccondary  circuit  Is  neceanary  in 
meaAurlng  reactions  with  tlit^  old  form  of  the  chronoscope,  and  thla 
Bhould  consequently  be  discarded.  The  constant  error  of  the  cbroDO- 
Kope  used  at  I^lpz.ig  was  found  to  be  over  two  and  a  half  per  cent  of 
the  time,  and  this  correction  ohould  probably  be  made  in  researches 
from  the  Ix^lpzig  laboratory.,  In  which  this  chronoscope  has  been  used. 
The  chronn(<c<ijM!  may.  however,  t>e  readily  regulated  so  as  to  have  an 
error  less  than  one*fourth  of  one  per  cent.  Kulpe  and  Klrvchmann  find 
that  the  time  the  current  Is  broken  docs  not  appreciably  affect  the  latent 
time  of  magnetism,  consequently  if  the  chronoscope  be  regulated  for  a 
standard  lime,  aay  100'-.  longer  times  will  also  be  measured  correctly. 
Tile  old  form  of  the  chronosropo  (in  which  the  hands  run  while  the 
circuit  Is  broken)  waj*  u^ed  in  these  expertmenta,  and  ttiey  should  be 
repeated  with  the  neuer  and  more  couvcnlent  form.  In  which  the  hands 
may  be  made  to  run  while  the  circuit  Is  closed. 

&ir.  Titchener  gives  the  results  of  experiments  in  wliich  the  dlstlnc* 
tion  l>etweeD  muscular  and  sensory  reactions  was  ascd  to  determine 
the  time  of  perception.  'I'he  paper  Is  the  first  part  of  a  research  coo- 
cerootl  with  the  time  of  association.  It  Is  maintained  by  Wuudt  that  If 
in  reai'ting  an  observer  in  one  case  direct  his  attention  to  the  movement 
and  In  another  to  the  sciiuului«,  the  difTerence  in  time  will  give  the  time 
required  to  perceive  the  stimulus.  On  this  supposition  Titchener  ob- 
tained the  following  times  (in  thoasandtha  of  a  secoad)  tor  three 
observers. 

Excess  Id  time  of  sensory  over  muscular  reactions. 

81. -I  84.4  97. 

Perception -time  for  a  color. 

29.5  30.2  2S.1 
Perception-time  for  a  letter. 

63.6  03.7  51.& 
Perceptloi>-time  for  a  short  word. 

Gl^  60.1  UJi 


J.  McK.  Cattkix. 


Columbia  College. 
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Juoe  6, 1899. 
Db.  0.  S.  Hall: 

Dear  8m:— I  will  gindly  do  my  best  to  g^ft  yoa  some  account  ol  ili« 
philo90plilcHl  work  at  this  onivcralty.  The  time,  however,  Jp  not  verr 
propitious,  for  we  staod  Id  SootUnd  jaat  now  b«ru'e«Q  the  old  nod  the 
new.  The  rnlverAllies'  CommlssloD,  now  slttioK-  ^^  JiBt  framed  ordU 
Dances  (which  come  Into  opomtloii  ooxt  session),  under  which  greater 
latitude  is  allowed  to  thft  ordhiHry  iiiudent,  1.  e.^  the  way  of  chooeltig 
hb  curriculuui,  und  at  the  same  tlnio  greater  opportutiity  Is  olTered  for 
speclalizInK  iu  honours  courses.  We  hope  Chat  this  may  lend  to  a  con- 
aiderable  lacreaae  Id  the  uumber  of  honours  eludeots,  aud  u  correspond- 
Ine  advance  111  Uie  amount  and  the  Btandard  of  higher  teaching  In  ilic 
dlnbrent  depaztmenta.  It  will  be  neceaiary  tothis  end  that  the  univer- 
sity Btaffof  teachers  be  Increased ',  and  from  the  increased  fund?  at  the 
disposal  of  the  Commissioners  we  look  for  an  iroproreraent  In  this  re- 
spect also.  In  philoeophy,  for  oxaniple,  the  Kiu'ulty  of  Art?  here  ha* 
asked  for  a  lecturer  In  physiologicHl  experimental  psychology,  and  a 
lecturer  on  aucleut  philosophy. 

These  things,  however,  are  sciU  In  the  fntore,  and  I  can  onlv  apeak  of 
the  past.  There  are  only  two  offlclal  teachers  of  philosophy  (n  the  uni- 
versity, the  professor  of  logic  and  metaphysics  and  the  profesaor  of 
moral  philosophy;  though  we  have  also  a  professor  of  polltii'sl 
economy,  a  professor  of  the  theory,  history  and  art  of  education. 
and  a  professor  of  public  law,  all  included  in  the  philosophical  derart- 
ment  of  the  future.  The  lectures  of  the  profef^sor  of  edacatlon  (f*ro- 
fettMor  r^urle)  at  present  embraces  a  large  amount  of  psychological 
training,  and  the  theological  lectures  of  Professor  Flint  often  diverge 
Into  philosophy;  and  these  well-known  names  could  not  be  omitted  lo 
any  estimate  of  the  philosophical  work  of  the  university.  Philosophi- 
cal teaching  ii  the  stricter  sense,  however,  devolves  entirely,  as  I  hare 
said,  upon  Professor  <'aiderwood  and  myself.  Every  Scottlsli  H.  A. 
has  hitherto  been  obliged  to  include  *Moglc  and  -metaphysics^  sod 
*^  monil  philosophr  "  In  his  curriculum,  aud  hence  the  energfea  of  a 
Scottish  professor  have  to  be  mainly  devoted  to  the  elomcutary  Iralnlng 
of  the  large  masses  of  students  wtuch.  In  a  univoriiity  like  this,  pass 
auuu»lly  through  hi>>  hands.  This  leaves  less  time  than  U  desirable  for 
the  development  of  honours  teaching. 

'llie  ordinary  course  in  "  logic  anu  metaphysics  **  embraces  the  ele- 
ments of  logic  and  empirical  psychology,  together  with  an  introilnctloa 
to  the  problems  of  epistemology  and  me tti physics,  such  as   may  be 
gained  from  a  study  of  English  philosophy  in  Locke,  Ucrkeley  and 
Hume.     The  character    of    Professor  Caldcrwood*s  course  iu  moral 
philcsophy  may  be  best  gathered  from  his  much-used  **  Handbook"  of 
the  subject.    In  connectino  with  both  clmlri*  there  baa  existed,  for  many 
year>4  uow,  an  advanced  class  for  honours  stndents.     In  *'  logic  and 
inetanhysilcs  "  tills  has  been  devoted  hitherto  entirely  to  metstptir^k-s 
and  the  theory  of  knowledge  in  connection  with   the  history  of  pliilo- 
sophic  thought,  especially  of  thelvantlan  and  posUlvantlau  era.  Theco 
responding  class  In   ^' moral   philosophy  *' rmbracea  a  survey,  hiitor 
cal  and  critical,  of  ancient  aud  modern  etldcs.    Finally,  U  would  be 
wrong  not  to  mention  that   to  each  of  the  chairs  U  iisplgncd  a  cUu 
assistant,  who.  iu  addition  to  assisting  with  the  paper-drudgery  of  ex* 
amiuations  aud  essays,  gives  a  certain  number  of  lectures,  both   to  th«r| 
ortlinary  and  the  Honours  class.     These  aaslstantshlps  are  held  by  tUfi- 
tlngulshed  gruduates,  geuerally  for  a  ]ierIod  of  three  years,  and  tiave 
formed  In  many  cases  the  training-ground  of  future  professors.    It  tA;: 
our  object  by  more  adequate  endowment  of  these  positions,  as  well 
by  the  Institution  of  lectureships,  to  Increase  the  range  of  phUosopI 
cal  teaching  In  the  university,  and  ho  keep  pace  with  the  Increasing  d**^ 
mands  of  si>ecialism  within  our  subject. 

Believe  me,  yours  very  faithfully, 

ANDREW  SKTO. 


1 


d 


i 


,.^^: 


